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The photograph shows the charging floor for one of the electric furnaces at the $100 
million terroalloy plant of Electro Metallurgical Co, a division of Union Carbide G Carbon 
Corp When completed in 1953, the plant at Marietta, Ohio, will be the largest in the 
world The covered furnaces are of the submerged arc type and operate 24 hr a day 
Molten terroalloy at the bottom of the furnace is tapped periodically 
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MILLIONS of POUNDS 


of Aluminum per year reclaimed 
with the help of 


INDUCTION 
FURNACES 


MAJOR AUTO 
MANUFACTURER 
RECOVERS SCRAP 
FROM MACHINING 
OPERATION BY MODERN 
MELTING PROCESS 


tilted position, pouring m 


mgot molds on nveyor 


Here 1s an interesting setup for reclaiming aluminum 
alloy chips, which ts installed adjacent to the piston 
casting setup in one of the largest automobile man 


utacturing plants in the country. More than half of 
the aluminum needed for pistons in this plant comes Above 1 © 330 hW furnace AJAX Engineering Corpora 
tron manutactures low trequency electric induction fur 
trom this scrap recovery program. A considerable ‘ 

naces m a great variety f sizes ranging trom 2 tc 


net profit is realized, and aluminum purchases are 00 kW. This type of equipment has been adapted 


lowered to the tull range of non ferrous metals and alloys 


a Send for Reprint of Article on Serap Recovery by Induction Furnaces | 
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A cup to the ton 


And the trick is done’ 


Cup and contents go tanto the Lidle together, when vou 
use the patented MOA Boron Cups (t S. Patent 


P2848. 299) in making up a melt ot Boron Steel 


for each ton of metal, vou add one MCA cup, sealed 
iotact, precisely as vou recemed i Nothing could 
be sempler, bach cup contains the approved standard 
mountot MCA Ferro-Boron S. Patents 2,284,299 
md 2.800.281 which diffuses readily, incorporates 
Boron and gives dependable, unttorm 


esults. On this of anv metallurgmal use of Molwb- 


TLunesten, of Boron, MOA technicians are 


ilways happy to be Consulted 
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a ready-to-operate DP: 
high vacuum metallurgica! 
furnace that’s exactly what onc 


manufacturer needed for his owr 


special requirements from th 
high vacuum pumping system that 
quickly draws vacuums on the 
order of 1 x 10° mm Hg, to the in 
fuction furnace itself omplete 
with addition cup, bridge-break 


ing rod, and 


sight window 
In developing units of this kind 
DP1 draws on its own vears of ex 


perience in solving high vacuum 


For a high vacuum furnace 


problems, and calls in expert man 
ufacturing experience for solving 
the metal-heating problems in 
volved. If your particular need 1s 
lifferent, we can usually come up 
with the right answer 
Tilt-pouring hottom-pouring 
w interchangeable furnace assem 
‘lies owe can give vou what you 
need and sall hold high vacuum 
And experience has taught us the 
right answers to such problems as 
furnace insulation under vacuum 


handling of volatile components 


high vacuum research and engineering 


vitamins A and E 


distilled monoglycerides . . 


as you like it 


oft the melt, designing for trouble 
free operation and case of main 
tenance 

If your interest runs to high 
vacuum furnaces, or to any other 
high vacuum applications, we will 
welcome an opportunity to talk 
with you Just write or phonc 
Distillation Products Industries, 
Vacuum Equipment Department 
607 Ridge Road West, Rochester 
Y 
Kodak Company 
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» more than 3500 Eastman Organic Chemicals for science and industry 
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Continuous dust removal 


is just one of the many advantages you get with 


Koppers-Elex Electrostatic Precipitators 


Koppers precipitator at a oumiform rate which 


simplifies 
disposal or storage 


lusive drag Other features of Koppers-Elex precipitators in 
repla the clude separately energized multiple series te lds 
trouble oft Which provide maximum collection of very fine 
fed from the particles. This same feature protects your invest 
ment in still another way since the outage of one 


field does not balt the gas-cleaning action of the 


precipitator 


Po get maximum recovery and effective nuisance 
ibatement. specity Koppers electrostatic pre 
cipitators For the metallurgical tield Koppers has 
two distinet designs: the dry dust precipitator tor 
hearth, flash, thuidized roasters, et« and the 


vid must precipitator for secondary cleaning 
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® BULLETIN T-152 


lercod the original silicon carbide crucible, was the first mayor 
advance in crucible manutacture since the use of graphite in a clay 
crucible This pate nted carbon bonded silicon carbide crucible . has 
effectively demonstrated through the years its marked supe riority 
over other types of crucibles. It has been a major tactor in the 
continued acceptance of crucible melung 

Flectro” 1s yustly proud of its contribution to che foundry indus 
tries in the pioneering and development of the Tercod silicon 
carbide crucible. And, as toundry demands have increased tor 


larger and better crucibles, Lercod has kept pace with improved 


patented glazes for protection, with a patented detachable lip tor 


ulting furnace crucibles and currently on a new design tor a 
crucible which offers taster melung, longer life and additional 
fuel economies. 

Data presented in this bulletin is intended to provide the toundry- 
man with accurate, up to date information on Electro Tercod cru- 
cibles to aid in his selection of the proper Tercod tor his own 


conditions to achieve Maximum utility at minimum cost 
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“S” TYPE 
effective but lack of stabulit IMPROVED 
ich ane “S$” TYPE 
PEDESTAL BLOCKS 
15 ta pedesta ks are t he r shape 
ure ‘ height 
! fering ler pedestal | ks the first 
{ wdesta k ilal r the diameter he s« d 
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Crucibles abowe ore shape D and cannot be produced with long lip 


EGectro TERTOD CRUCIBLES for ALUMINUM 


lercod Crucibles offer the advan 


tages for all melang and holding operations 


tor aluminum and aluminum alloys 


Cleanliness: No component of the ‘Tercod 


crucible os dissolved or will react with alu 


mnum or any aluminum alloy; conse- 


quently, there is no undesirable pickup of 


iron or any other material 


Crucible melang imbherently 


economical Low capital investment, low 
overhead charges and low marntenance costs 
over other melung 


result cost-savings 


methods. Coupled with the long life of 

Tercads and tucl savings achieved through 

permanent high heat conductivity, the ula 


mate on low cost melung iw obtained 


lercod crucibles are ethciently 
used for Continuous or rotermittent melung, 
melung and 


holding ofr a combination of 


holding with all the aluminum alloys and 
heated by oil, gas or electricity. Constant 
research in COMPOST CLONS, glazes and ce sign 
has resuleed product capable of sates 


factorily meeting any condition 


The continuing acceptance of crucible melung 
has undoubtedly been promoted by the avail 
thility of the Tercod crucible. For clean, efh 
cient, economical melung or holding of alu 
minum, there is a shape, size and composition 


to meet any condition 


TERCOD DETACHABLE LIP for 
TILTING FURNACE CRUCIBLES 


The patented Tercod detach- 
able lip is illustrated here 
showing overall dimensions 
and design. For special appli- 
cations certain other designs 
are available on special order. 
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CARE AND HANDLING OF YOUR 
TERCOD CRUCIBLES 
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Others Available on Special Order 


BUFFALO PATCH 


Composed of silicon carbide grain, ceramic bonded for strength, 
hardness and refractoriness. No. | High purity, fine grained, for 
any kind of patching. Will withstand $250 F. No. 2 General 
purpose, wide range of uses for temperatures up wo 3250 F. No. 4 

Coarse grained for ramming only. Temperature range up to 
$300 F For complete information on Electro High Temperature 
Cements, write tor Bulletin C-946 


\NSULATING CEMENT 


The rugged cement with great mechanical strength minimizes 
radiation losses and prevents overheating of furnace shell. Forms 
hard, porous structure between shell and lining. Holds lining 
sections firmly together. Prevents flame leaks. Highly refractory 
Supenor to diatomaceous earth 


SPP 


“DELAWARE AVENUE 


NG WHEELS © SPECIAL REFRACTORIES and 


ELECTRO-CARB 
BU FFALO 2, NEW YORK 


/ otHer grous FOU 
NON-FE 
| | hk 
a 
strongls 
Nid 
See that the 
Ee 


Products 


New terature 


1—TINPLATE GAGE: Research and Phil ( has introduced the accurate bubble counting and watch 
Control nstrument Dir Nort} Philips Universal pH Meter. It is timing, a line of precision flowmeters 
; jesigned for all pH and rH work has been announced by F. W. Dwyer 

for potent ric titratior ind for Mig. C C} n flow rates of 

xidation reductior ntial inves ga uri atory test work are 


i 
tigations. Measuring accurac’\ 0] readily observed with the unit. The 


nge of Of tandard unit includes a built-in con 


14.15 pH and ( Vv. and t: valve, and special scale ranges 
operate 60 evele ac are available 

6—BLAST CLEANING: A new wet —ELECTRODE HOLDER: Auto 
blast machine the I iquarmatte for matic electrode holders for electri 


severe, SUCT aS LOIN 
corners 
American Wheelabrator & Equip- 


ment Ce 


furnaces used in steel melting per- 


inging ff! its automatic slipping of the elec- 
machine ha trodes, reducing furnace down-time 
lurry recire Whiting Cory 
It is designed to features for ATCHG 
10—SWITCHGEAR: A new standard 
inge Nase nan id wor i " " 
I a lime f metal-clad switchgear, rang 
vith 


full-wave BENDER: For making per ne in ratines from 3400 to 13.000 


’ tw asteES = wwe fect offsets and bends up to 180° u 150 to 500 mva. has been announced 
neg xs, '2 and in. OD copper, bra by General Electric ( New design 
Reading are . = teel and other light gage tubing, Ta features nclude the makne-blast 
rinting register which indicate jer i 
Bends in has introduced a new reuit breaker with interchangeable 
int fr tor ind bott gage nder It hand fact 
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j +} ‘ t to 
‘ i ate on ‘ il ar iv p t oper até and rhe Vise tre mechanical contr device mn 
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?— CHROME PURIFIER: \ portable Ib positive-acting mechani al interlock 
on of the Chrome Purifier, for 8—FLOWMETER: Eliminating 1 in the t 


recovering and purifving contami- 


vers 


reaker elevating mechanism 


n 1 chrome plating baths, ha 
innounced by TI Water Trea 
The ILLCO-WAY unit 


ivailable uw ir sizes for both port- 


ible ind permanent installations 


perates on an ton exchange 


3—HOBBING DIE STEEL: Dic cast 


g diemaket ind users now have 
i die steel that approaches hobbing 
east f regular hobbing irons vet 
mmpare n strength to 5 pet chrome 


hot work die steel. Super Samson 


the teel developed by Carpenter 


Stee! C is primarily for dies for 


liecasting alun 


4—INDUCTION HEATER: Multiple 


2.2 KW init combine in a single 


power 


ind medium high power machine 
Input per section is 4 kva at 220 Vv. ECTRON MICROSCOPE: A Philips Co. Immediate changeover 
bane . ingle phase. Accessory new electron microscope with con for electron diffraction patterns of 
inuou reen agnifeation fron pre-selected portions of a specimen 
v Ind Hea } i 1000 to 60,000 diam and capable of s possible without change of pole 
5—pH METER: For quick, accurate producing micrograms of 30 Ang pieces pecimen transfer, or re 
easurement of hvdrogen-ion con- stroms resolution or better has been evacuation. It has a large field and 
entration, the Research and Control announced by Research and Control permit ingle photo exposure of 
Instrument D Norti imericay Instruments Nort} imericar ireas that might require salt 
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A Digest of the Production, Properties, and Uses of Steels and Other Metals 


Published by Electro Metallurgical Company. a Division of Union Carbide and Carbon Corporation, 30 East 
42nd Street. New York 17. N. Y.+In Canada: Electro Metallurgical Company of Canada. Limited. Welland, Ontario 


How VANADIUM improves engineering 
Steels and helps conserve critical alloys «°° 


Vanadium in Rimmed Steel 
An addition of apy | 


Grades of Ferrovanadium 


du 


t 


Better Mechanical Properties 
In the following table are 
} Improves Cast Iron 


Properties of Vanadium Steels Compared With Other Engineering Steels 


Carbon Chromium. Chromium 
’ Carbon Vanadium | Molybdenum | Vanadium 
Typical Analysis, 7 Steel Steel Steel Steel 


Vanadium 
Carbon ).5 
Manganese 71 
Silicon 
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Tensile Strength, psi 
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lzod Impact, ft.-lb 


Quenched and Tempered 
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Silicon Carbide (* Globar) heating 
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cthon facilit peration 
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Orinoco Mining ¢ Venezuela 
F t delivenes of Venezuelar 
re, 1954 


e The Navy has completed test 
flights of a K-225 helicopter pow 
ered by a Boeing YT50 gas tur 
bine. Jet gases turn the shaft of 
the rotor blades instead of being 
used for direct thrust. The engine 
uses low grade fuels, is half the 
weight of a piston engine. and is 
mechanically simpler. 


— 
ne > to increase produc 
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Microscope, camera and light source 
in one convenient unit! 


Panphot 


e Hooker 
Niagara Falls 


n plant! 


Vania Salt 


electrolytu 


e Mallory-Sharon Titanium 
Corp., has established general of 2 
fices in Niles, Ohio, effective Jan. 
1, 1952. A titanium melting fur U | M t il h 
nace, now located at Indianapolis, niversa era og rap sf 
will be moved to Niles, and three 
new furnaces will be installed a 
Melting capacity is expected to In the Panphot, Leitz offers the perfect combination at 
reach 2 million lb per year in 1952. of research microscope and reflex camera for the : 
metallurgical research laboratory. Operating parts 
for observation and photomicrography are right ct 
hand, and you can change from one to the other 
quickly and dependably without moving from 4 
your chair. Light source, microscope and camera cre ; 
permanently aligned ina single, easy-to-use instrument 
Designed to meet a wide range of needs, the Ponphot 
permits the use of reflected light, darkfield illumina- 
e Westinghouse Electric Corp. 9 
is borrowing $250 million with an tion and polarized light. A full line of accessories is 
option for an additional $50 mil available to equip the instrument for all types of 
lion from a group of institutional photomicrography, photomacrography and for draw 
investors including insurance com- d The P : 
panies, pension funds, savings ng and projecting micro images. The Panphot takes “ 
banks and universities. This will 2a" x 4%" or 4” x 5” plates or cut film for both i 


finance a $296 million expansion 
program, which includes 97 new 
projects including: A jet engine 
plant, five lamp plants, a plastics 
plant, expanded generator pro- 
duction plant, an aircraft arma- 
ment plant, two electronic tube 
plants, and several other plant 
units for electronic equipment and 
small motors. 


black and white and color work 


Another of the famous Leitz microscopes, recognized 


everywhere as the finest microscopes made anywhere 


For details, write Dept. JM 


E. LEITZ, Inc., 304 Hudson Street, New York 13, N Y 
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New Orlea Originally, the plant 
‘ designed for 100,000 t f : 
n m per year, but the plant 
pia 
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will build a new $10 = 
ne and caustic soda at Montagu 
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hydrogen. Natural gas found dur | \ 
et e plan require- . 
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e Pennsy| Mfc. ( 4 
da unit at Calvert Cit 
K that will cost about $8 mil 
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Fist your of wer 
duction Furnaces idle 
since 1929 put inte op- 
eretion. First 


production has nearly doubled since vet the 
bes hearth furnaces has actually dropped 
of the newer furnaces tell only part of the 


ctor has been mereased eflicrenes om the use 


proud te have comtrbuted te this om 

creased ugh the development of Ramset. Latre 

on the magnesia ramming has 

steadily inereased until now over a third of all basie open 
hearths have Kameset bottoms 


ire three proneipal reasons why more and more 


BASIC OPEN HEARTH STEEL OUTPUT IN TONS 


rammed hearths are in use: (1) The refractory itself is right 
for the job —econstantly improved through Basie research with 
the cooperation of practical steel makers; (2) Ramset rammed 
hie arths save time fuel labor and bru kwork compared with 
the traditional burned-in magnesite: (3) Correet installation 
procedure is supervised by skilled Basic engineers employing 
specially designed equipment 

We look forward to the continuing opportunity to serve the 
industry with more Ramset bottoms, thus to help produce 
more efleentl the increased tonnage of steel demanded for 


defense and needs 


hast. Nef lortes Fnece 


345 HANNA BUILDING, CLEVELAND 15, OHIO 


Anes 
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REFRACTORIES ENGINEERING AND SUPPLIES, LTD., 


and Montrea: 


| 
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wat = — 60,882,840 
All-time record steel Tete! steel evtput posses “Estimated 195) 
} duction of steel 7 fer civilian use 100,000,000 ten merk for age and production 
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Ir me instances the question has come up as to what 
additional payment, if any, st ild properly be made 
for overtime work, and to what extent is such pa ent 
legally permitted under the { the Salary Stabil 
ation Board 

Most engineers empl ved in an executive, admin 
trative, o1 itside salesman capacity are not paid for 
vertime. They are paid for doing a job instead of for 
the hours they put n, and are free to do all the unpaid 
home work they feel they should do after dinner, a 
well as to do a bit of thinking and worrying during 
vakeful hours in bed. But ¢ ineers employed in a 
trictiv prote ional capacity norn ally have tandard 
ffice hours. Some employers pay for overtime and 
ome don’t. Their practice as it existed on Jan. 25, 1951 
av be continued. In the absence of such practice at 


y Stabilization Board says that the 


for an exten 
Board 
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f the 
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The AIME, cooperating 
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engineer may now receive additional compensation up 
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he Board is a 
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reason of his special knowledge f the mathematical 
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of engineering analysis and design, acquired by pt 

fessional education and practical experience qual 

fied t I actice engineering 
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ha an engineering degree he shouid ea a 
cientific and engineering personnel at the end of the 
basic trair period. He should then be transferred 
to a techr il detachment ar an MOS (Mil 
tary Occupational Specialties his educatior 


New York or Atlantic City? 


In which place ti rable to hold the annual 
meeting of a profe onal wrety | 
York or Atlantic City That is, a 
American Society { Mechanical 
recent meetings at Atlantic Cit vith increasing at 
tendan atisfaction. The American Institute of 
Chem neers cl e Atlant City f its recent 
December annual meetu Only twice has the AIME 
ever met in wt fan i eashore re rt n 1898 and 
G04 

Chief advantages of going t Atlant Cit er New 
York are that technica ‘ t are better attended 
there being little else to do there in Winter; the cost t 
ember s le and hotel facilitie ire better adapted 
to a large meeting. As to « t. take a ban for it 
tance. The Chalfonte—Haddon Hall, wt rs espe 
ally to winter conventior charges about $7 for a 


ird quality \ sin 


banquet 


at the Statler rk would cost about $8.50, and 
about $10.50 at the Waldorf-Astoria The charge for 
ticket mewhat greater than Ut because f the 
t of music, prograr flower ind other incidental 
Roor t are mewhat le it Atlantic City, two 
i ber Acct modated for about $7 per day eact 
‘ pared th $7 to $10 at a headquarters hotel u 
New York. On the other hand, AIME headquarter 
put t ome extra expense for taff travel, food and 
lodging, and members liviur n New York and environ 


College Scholarships 
ld 


Most parent fect ren in the later lupe of high 
chool find it nece ary t give me consideration t 
the « t fa college educatior ug? alarit have 
ibstantially it see that the « t of the 


the probien f financing the irer educ 

acute as ever. Many overlook the pr bility of scholar 

ships, or feel that only a student at or near the top of 

his class has a chance to get one. As a matter of fact 
ose to 150,000 scholarships and more than 15,000 fel 


lowship wortl me $42,000,000, are available in 1200 
American colleges and universitie 

Those wt ire interested should send 55¢ to the 
Superintendent of Document Government Printur 
Office, Washington 25, D.C. for a 248-page publication 
ist issued t the I S. Office of Education, entitled 


liable it Ir tit it ! 


1? 
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ANY engineers currently are working harder thar tatus unle the an obtain a commussion in a branct : 
isual, in part because f the demands being made f the ervice that car ake full use ft technical 
ipon them for increased production in the war effort skills. His work ay thus be more to } hiking ever : 
and in part because engineers are in short supply so if } iniform is not 
ee are forced to pay a hotel bill, New York, of course, ha 
service yp trai re not more varied amusements to offer, plenty of big store a 
going i es week from Fort and the glamour of a big cits 
Riley, Kan. i with the other The choice may be discussed at the forthcoming meet 
Founder Societies Ee can, through the ing in New York. In the meantime if any reader care 
Engineering Manpower Commission, to see that eng) to expre ar pinior ne way r the other we hall ; 
nee! are not being asted in the ta estat } be giad t hear it : 
Service nductee is t have ther first plete 16 
weeks of basic training before assignment to specialized necessities of life, suct food, housing, and maintair a 
cate pie D ng that time thev are la fied If one ng the fa t bile. | e gone up ever ‘ o 
giora t ght 
ent policy in the Army ts to ; 
Candidate School) applicant 4 
infantry only. The local unit - 
formation on this point, based . 
n in tests. In view of the cur 
ers, it is believed that a young Scholar ps and Fellowshiy Ve 7 
man should seriously consider remaining in enlisted f Higher Educatior x 


steel, to stainless steel, and to itself 


Ductile Iron applications include as 


treated components for industrial, automotive and agri- 


cast and heat 


ultural equipment. Also, for railway and other heavy 


industrial equipment, as well as that used in textile, 
electrical, 


marine and other fields too numerous to hst 


Counsel and data on Ductile Iron are freely available 
te intelligent utihzation of critical mate- 

1 us details of your prospective uses, so that 
ofter a lst of sources from some 100 authorized 
ing Ductile Iron under patent 


ations on Ductile Iron 1s avail- 
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ae plendar d p and paper mill 
pec ified D tile I epla art stee 
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: 
Proves Its Stamina in Machinery Gears 
‘ ( t Hamilton. Ohio. reports 
bye sane therr production of 
tins vith parts made from Ductile Iror _ 
Not Black-Clawson saved critical material 
D n. but the ease { fabricating cor te 
butes tot tenance of production schedules t 
I k( es now produce Ductile Iror 
i isting that range tror less thar 
trengt! pt 1H.000 1 ind hardness that exceed ible on request 
iccessfully welds Ductile Iron 
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Pioche Manganese Co., subsidiary of Combined Metals Reduction Co., Salt Lake 
sity, will build a large rotary kiln near Fioche, Nev., to process man=- 
ganese dioxide ore. The kiln, 175 ft long and 9 ft diam, has a cooler of 
the air quenching grate type. Stendard Steel Corp., Los Angeles, is 

supplying the complete sintering unit. 


The Army Signel Corps has developed a new dry battery that substitutes 

plentiful low-grade domestic manganese dioxide for the high-grade material 
found in quantity only in Africae. Doubled service life and reduction in 
storage end shipping costs will offset e slight increase in production costs. 


1951 eluminum production totalled about 840,000 tons, 17 pet higher than in 
1950. Production by the end of 195] was at a rate of 5 million lb of 
primery metel per day. Alcoa hés in operation reduction capacity totalling 
897.5 millicn 1b end is adding 410 million 1b more capacity; Reynclds, 

46 million lt in operation, 197 million 1b under construction, and 120 

miliion it pleaned for 1955 operation; Kaiser, 350 million 1b of cepacity 

in operation, 240 million 1b under construction, and 200 million 1b 

planned for 1955 operation, and Anaconde Copper is planning reduction 

cepecity of 108 million lb for 1953 operation. By the end of 1955, 
capecity shoule be 3018.5 million lb. 


The Swedish stste-owned Boliden Cre Co., by 1955, is expected to be producing 
100,000 tons of iron ore a yeer and by 1°57 will be producing at the 
proposed capacity of 200,000 tons a year. The project will cost sbout 

33.5 million and costs will be amortized over five lZ-month periods. 


Production cf nickel in the free world during 1951 approximated 259 million lb, 
10 pet higher then in 1950. Canada produced 90 pct of this total, 275 
million 1b, ¢s against 247 million 1b in 1950. 


Electrolytic cutting of metals has been announced by Columbia University, 
School of Engineering. Sectioning bars by electrolytic methods was 
developed to safeguard personnel egsinst hazards of machine cutting metals 
exposed to high levels of etomic radiation. Russian tec! nical literature 
has previously indicated machining metals by electrolytic methods, but 
this is believed the first successful electrolytic cutting of metel in 


this country. 


A new basic retel reported to be stronger, lighter and cheaper than steel is 
announced by Onterio Reseerch Foundetion. Called Controlled Density Steel, 
the metal can be produced in finished and semifinished articles having any 
desired density and analysis within a wide range. 


Tube Investrents, Ltd., Birminghem, Englend, announced that its new rolling 
mills et South Weles Aluminium Co. ere operating or a test basis, but it 
is not likely th-t enough eluminum will be aveilable during 1952 for this 

plant to be economically oper:ted. 


The Researc]: and Development Board of the Dept. of Defense has organized e 
committee of six representatives frou university and industrial laborstories 
and six technical military officers to est-blish policies for development 
and militery applicetion of transistors. 
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A Survey Of 
Zebra Root 


Practice 


Zebra root astruction ma very large open he arth furnace showing 


hanneling and very little staggering 


t ‘ 
{ f whethe 
‘ 
i t 
f ‘ ‘ et Fig 1—Special basic root brick with integral steel plates 
. '! f fame and are alternated with silica brick mm this typical open hearth 
: Zebra root construction Alternate rings of basic and silico 
f brick. which are most widely used, give best results 
plants that answere {1 the Questionnaire 
Ke ) e wedge and four Nave ised 
vl One steel company that has used Zebra fs in most 
f its plants f " e than 4 yea has found that 
ke ure pe to wedges. Definite supe tv! 
. ke ‘ was indicated a split of test In a ¢ { 
‘ eta hoy vhere Ke were used it ne-half of the 
i et ind wedge n the other hall, a 
2 Ke have been found peri t 
! ne hot metal shop where Zebra aft ire tanad- 
t iin all furnace 
t Severa ants have oved that Zebra of n 
u tw 12 in.) of i to one O-11 
ft brick give results inte to those btained 
‘ ned of one 6-i1 ng ca t 
\ t ‘ 
C E GRIGSBY Service Research Engineer tor General Re 


tractories Co, Philadelphia 
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ed since 1947 in some} 
< 
thet 


oper- 


iting 147 furnaces report increased production rang- 


Fig 2-—-Special basic root brick keys, the six very dark rings 


at the right. ore considerably thicker than the gouged out 
wedges of the some mia, the lighter colored rings at lett 
The junction of the two shapes is over the tap hole 


nace Seven plants report that these roofs reduces 


While in some plants Zebra construction may not 


be beneficial, it seems lkely that there are man. 
more where it would be helpful if the furnaces are chrome-magnesite brick used in virtually all Zebra 
operated with proper regard fe the lhmitations of root begin te react until 2910 F and react 
both basic and silica brick. S=very type of roof in- oniy,shi at 3000 F. The slight reaction that could 
cluding the all-basic roof has limitations, and Zebra occur at open hearth temperature f the basic brick 
woofs can be burned down if operated at excessively were in direct contact with the hea brick elin 
high temperatures or reducing atmospheres. More inated because 1n all locatior where they are adja 
jamage can be done to a silica or a Zebra roof in a cent the two types of brick are effectively separated 
few heats when conditions are reducing than occurs by a 16 to 20 gage steel plate 
n many weeks of normal operation with an oxidiz- Channeling, sometimes occurring beyond the basi 
ing atmosphere. In virtually ail plants, the furnace rings in both Zebra roofs and solid basic shoulder 
atmosphere is oxidizing at least 95 pct of the time may be because basic rings are too short. Since most 
As an added precaution against reducing condition furnaces are pushed harder when equipped with 
two plants using Zebra roofs carry 10 pet excess ail Zebra roofs or solid basic shoulders, it is not surpri 
at all times ing that the zone of severe wear extends out farther 4 
Staggered Construction from the skew than with an all-silica roof. Several : 
There is a belief that using basic rings all of equal operator who have returned t ihea after using ' 
length in Zebra roofs will produce channeling and Zebra roofs tried to operate in the same way as 2 
buckling near the end of the basic rings, where the Zebra roofs. More extensive channeling oc _ 
basic brick are in contact with the silica brick. Thi with all-siliea constructs Thus, the increased area 5 
apparently stems from experiences with solid basi of the zone of greatest wear obviously was the re- . 
houlders. Channeling and buckling near the junc- ult of increased severity of service conditions and ; 
tion of basic and silica, which occurred with the was not caused by any reaction between basic and . 
olid basic shoulders, was probably because the basi ilica brick. The remedy obviou Phe basic ring “ 
brick did not extend out far enough from the skew must extend out far enough to include the new zone al 
to cover the zone of excessive weat of increased wear resulting from more severe of - 
Also, solid basic shoulders did not use the special erating condition i 
chrome-magnesite roof brick used in virtually all Staggered Construction Not Essential : 
Zebra roofs. A still further disadvantage of some of The original purpose of staggered construction i 
these shoulders was that they used either unplated Was to guard against channeling near the junction of . 4 
basic brick or brick with only one plate in each joint the basic and the silica, thus reducing the tendenc te 
For best results with Zebra roofs, basic shoulder of the roof to buckle when it gets thin. Naturally er 
hould have a double plate in every joint between any roof will buckle when it gets thin enough in a : 
basic brick to help hold spalls in place; and a singlk ufficiently large area. This ts true with both ribbed sie 
plate between basic and silica brick to minimize ring roofs and bonded roofs, and especially with : 
damaging reaction between the two kinds of brick roofs that are poorly constructed or with roofs that ‘ 
In view of these considerations, many iccessful do not have the proper rise per foot of span. Even i iy 
ers of Zebra roofs may reasse¢ olid basic shoul- Zebra roofs, built with staggered construction, chan _ 
cle with a vi to trying them either in conjunc- neling and buckling will occur if the shortest ring ° 
tion with or to replace Zebra roof of basic brick does not extend beyond the zone of ¥ 
Examinations of Zebra roofs after service and ob- greatest wear under the conditions to which the : 
ervations of many more while in service have failed Zebra roof i ibjected. Channeling will not occur } 
to reveal anv damaging action between silica and with basic rings all of the same length if those ring 
basic brick, either at the ends of the basic or extend bevond the zone of greatest wear. Thi : 
along the sides of the basic rings where the steel hown in Fig. 3b. If this zone extends out more thar 
plate on the basic brick 1s in contact with the silica about 7 ft from the Kew the Super-Zebra roof 
brick. Thi s not surprising, because silica and shown in Fig. 4. in which the Zebra constructior 
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t a i hese wi pe ofr con it - 
nd as a result of the test the plant now uses a 1:1 
at 6-in. basi 6-1 thea) in all 21 furnaces 
All but a few plants use a 1:1 ratio of basic to silica ae 
A east 60 plant perating 635 furnaces have ‘ . 7 7) Sa 
tried Zebra roofs, and are now using them in almost | 
ilf of these furnaces. It is not vet known whether = 
th construction will be used in the remaining fur- 
nace n these plants, but recent improvements in ll 
lesigr f roof and arrangement of brick may ex- 
pedite the acceptance of Zebra roofs in many of 
There are now enough plants in which this con- 
truction has beer tandard practice tn all furnace 
from 1 to 4 years to indicate that the Zebra roof 
helps increase steel production. Thirteen plants gam 7 
plants in which Zebra roofs are standard in all fur- 
cost tee Py 


Zebra 


Basic Brick Wasted 


sec val base 
kheys ™ 


tt long are 


Fig 3b — After 132 
heats, the roof shown 
in Fig. 3a was still 
im perfect condition 
Practice had been 
to patch most silico 
roots at this terme 
This root wos still im 
excellent condition 
after 21) heats with 
no patches. It would 
have given 30 to 50 
more heats but 
checker trouble 
caused a shutdown 


; 
Zebra Root Superior 
t fs was} ead 
chet ed life of the 
~ 
‘ ~ 
wm 85 ton tur 
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Fig 4— The Super 
Zebra root, for use 
where rapid wear ex 
tends more than 7 ft 
trom skews or where 
wear 1s uniform trom 
skew to skew Best 
results are expected 
with silica and basic 
brick, each 
wide at the fire tace 


ron of all 
that they « 
vy are heated and 
me being approxi- 
ture range Each 
within the 
when the b 
gnitude of 
Kee} 
and the brick lif from 200 
ick exceed | hes o the t 
expansion of and decreased the 


from 7 to 2, or 70 pet , 12 


this plant operated im the 


was b 
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if 
tw iifferent type f nstruction. It may prevent time there was a | onged px d when the roof 7: 
‘ neou onclusions and, where doubt exists, to was cooled below 2100 F, the resumption of opera < 
asty ejyectior a type of construction that can tion was followed t ima peel of the brich 
materia ncrease steel production. Since the prop- In one plant it w found that where Zebra vot f° 
ertu f basic brick and silica brick are entirely dif wave le than average fe, the furnace involved 
ferent t may be nece arv to make ome change had invariat been plawued by ve botton 
n practice t et best results with Zebra roo trouble Records probably would show mila a 
Best resu on any roof containing basic brick car esults at other plants, a few of which have abar r 
‘ tained only if the roof operated with a mu joned Zebra roofs because f ih variable result y 
mur f variations in temperature. Silica th Best results on ar oof contami basic brick 
ost ! tive to thermal shock below 1200 F of a will be Dbtained by Keeping the fas Not as po AL 
the lina efract ‘ are virtually pall-proof ble. preferably above 2500 F. It appea nificant s: 
t i- Dbecau ‘ the have ble thern <i that five } ant ‘ Zet al i fu i ‘ 
n above that temperature. Since mest oper minimum roof temperature 2400) to 2700 
hearth roofs are never cooled below 1200 F, it not The importance of keeping the of hot has beet > 
t limit the number or extent of tempera proved at one plant where Zebra roofs are standard sis 
ture ¢ nee above this temperature when. silica n all twelve 175-ton furnace Every effort made J 
t t e used for the entire oot to keep the roof hot, even to the extent of puttin 7 
Basic refract t particularly tt high in mag- oil on the furnaces to maintain temperature. Thi 
nesite, have the highest thermal idvantage in that it use relativels ; 
ymmercial refractories, The re isic wedge alternated with 
and and contract every time t the valley course and 6-11 licu - 
ed. the ite of change In ve the weak point in the roof, the ‘ 
mately the ime mn all tempe of silica the better). The longest : 
hange in volume set ip stre k extend 6 ft from the kew and 
which are not entirely relheved 5 ft. This construction, which 
ime ts ¢ inal size. The n h front and back skew has in- 
‘ 1 stresse within the b more than 10 pet. increased roof 
vith eacl! hanwe nm temperat heat or 50 pet: increased the 
pal vhen the stresses inside t patch from 63 to 145, or 110 pet ; 
treneth. The relatively high tl number of patches per campaigt “ 
t c brick makes it impossible f any porars hea root 
pally it ve 1200 F. Since the the rmal expansior roof HEEB urned so badly that it had to be pat hed wo 
f ref ctor cannot be changed, furnace operator after 4 days 
it liusted to meet limitations of the vot The usual variations in operating conditions in at a 
t beir ised pen hearth have opposite effects or ca brick and 
Experience with the all-ba furnace has | ved basic brick. Although these type f brick sur ; 
that t t ilts are btained when the basic roof} ment each other chemically and pt! cally, best re 
kept as hot as} ble In an all-basic furnace, eact ts with Zebra roofs can be obtained onl f the 


Zet ra Root 


t \ » thie al 


Limitations of Basic Brick 


&b that have been subjected ¢ aide 

an arndizing atmosphere at F are 
Magnesite Chrome brick Center Chrome 

brick of © bursting resistance Right Specia 


Magnesite brick with good bursting resistance 


G00 


Fig 6 In a plant 
thot has used Zebra 
construction im all 
roots for about 18 
months. special basic 
root brick wedges 
and super duty silica 
brick are shown here 
at the end of a suc 
cessful compaign 
Basic rings are 33, 
tt and 4'> tf long 
Channeling is near 
the skews 
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suse ‘ we 
a+ tell 4 it mportant, theref not Madi! 
production but also for maximur of life. t 
> ever t pe i f overheatir f ar 
| \ i “ ( 
) i it CK. Siliica t CK mit tre Ve 
of the Zet vof, and best result in be ot 
} k have mparativels w hot strength. Extra 
e not to gouge the wf in the Zebra section du 
Fig Bo ‘ pa dend 
bursting Ba brick containir ibstantia mount f 
hown her re behave the pt te f ck 
PAagnesit triat thre ire benefited by troms educing 
homme aa heres and by higher temperatures in the norma 
vidizing atmosphere In strongly reducing atn 
if ‘ t ‘ phere the how hrinkage nstead f expal 
‘ L hie te ‘ vher ontact with n oxide at pen hearth ten 
eu ‘ perature trong xidizing conditior ict 
: ‘ t is those in most open hearth these basic brick ¢ 
3 t te erature of pand at temperatures between 2700 and 3200 Ff 
t true ¢ Assumu ifficient time and iron oxide, the percent 
' the ne expansion increase apidly from a fairly low 
; t t im int at 2800 F to a high peak at 2900 F The 
‘ t t expansior it 000 F almost equal to that at 
‘ few obut at 3100 F and 3200 F it le than halt 
r is great as at 2900 F 
; | nt Q ed \ pen hearths are operated in such a way as t 
7. n. of iuse the maximum rate of bursting action fron 
4 t educi ! xide vapors on brick containing chrome ore 
is # Major constituent. Brick containing magnesite 
‘ ' tempe the major constituent would give le bursting 
bath te ection than chrome-magnesite brick, as shown In 
| ote t ‘ When t Fis » Dut, Decause of greater ensitivity t therma 
‘ i hock and a tendency toward s! nkage spalling. thes 
‘ ened t it have been found definitely t pecial chron 
ter t? thu vil marnesite oof brick in Zebra roof 
: 
: 
‘ 
- 
* 
v~ 
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WK 


Special Roof Brick 


Fig. 8— This sketch shows the probable sequence of events m 
Zebra root construction containing special chrome magnesite 
roof brick When the longest basic brick shown in port 4 of 
the sketch spalls off, the silica brick may extend beyond the 
basic brick temporarily Then the cycle is repeated 


oot bri 
and all 
balance 
have lowe 
brick and 


ther- 


oad and 


th temperatut 


Results With No Staggering 


tent thie eu f channeling and 


is indicated 
ve proved that 
inue to 


to 9 


Fig. 7a—Special basic root brick keys after 75 heats Basic Fig. 7b—This is the same root as that shown in Fig. 7a at 
there 1s mo sign of the end of a successful campaign. Channeling is near the 


ngs ore 4 ft and 4'2 ft long, and 
skews, but there is none near the end of the basic rings 
9 


channeling 
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j WY, 
Yj Y 4 
t t The mit 3 
é ‘ ys 
t mit 4 Yy g 
t ‘ The nerinrit f these 
table cl ‘ the other two type n Zebra roof 
! tecte f et the magnesite fir main root is the result of a bette : 
‘ idition to the ette equired | ports The pecial b 
ed in th P thy — the : ed | the thermal expansion than magnesite-ch 
f tec that ittached ire, therefore, more re tant to spalling from 
‘ the fou ma ma hock \ hown in Fig », thev are iperior te 
brick nnot fa t of the adinary chrome-magnesite brick in resistance it 
t { t t rh the { n the heat t vide bursting. They also have higher re 
‘ to the formation of a monolithic tance to lm shrink less than any other brick . 
t ture eact These spe f brick are i open hear 
t t hes 
buckling without staggered construct 
by the fact that even plants that ha 
i eon th the 
nel e basic rings which diff n length from 6 in 
i cK and 
‘ thy which thes« ipparent i t of insurance against any 
pecha of brick were designed to withstand kind of trouble. Figs. 6, 7a, and 7b show results at j 
~ 
by 
— 


etch shows the probable advantage of 9 silica 
and 4 sihco wedges Zebra root 
special chrome magnesite root brick Since silica 
wmit operating temperatures 3m keys ore recom 


mended 


icceod 


How to Improve Root Life 


he weak sector 
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Root Lite Nearly Doubled 
Zebra Root | 
‘ 4 ible oad the } i 
na Zot + +h int a take 
| bie g« hex ise the kee were 
‘ ‘ ‘ th 
eve ‘ ead. D +) t week the 
thie port f the neo! 
‘ it ind the need f nue 
wane ent conditior th buse \ nine 
‘ furnace it th plant now use U Zebra construc- 
86 heats. and that on a fourt! kead the 
tte 6 heat lt constructior A be continued 
It planned to extend the Jel 
ectior it farthe from the skKeW ! ome 
4 nace Some Zet i the I nt 
; } » been encountered with a ca nstructior 
A Anvthu that increase he amou ‘ 
n the furnace atmosphere (ve it 
thie int f oxvgen lecaurbu ition) n- 
ere the ammount bu ty wt nm the Dastk 
; i 
ction Wi be mumecreased DY al ncereast 
+} nt b which the basic [t ck extends be- 
built e a which asic brick 
brick the ca. because the brick be ea 
— nst i of ome 
! Vupe n three ace eu of « 
i The basic brick are of no benent inti. they extend 
© P nd the | » fa enough t , tect then fron 
+ n 
the wtior furnace vist il | nes i 
the basic brick ft trude too far (some plant 
as is max) the ire on e ea knocked 
} that nu chara and are me LIKE ine 
ry hock t cr wt the 
ed ct meemapne ‘ ‘ ‘ 
te which } che ible 
nt that did not! et mbination of chemical and p! ( | pe t cal 
fa Zet of, 
t th eved that regardle of whethe the bask 
ee k expand u ‘ et r not, Fig 8 and Y, all 
‘ expa le 
int rm fit those isit Zet i ool 
expal t ilternate f n. basic and ca Kes 
| wf there iber hange in cost 
‘ it} ii 
t t t ired ilar Zebra construc tion but the 
\l ect ‘ ‘ the th i ! im 
hown in 10 next step toward bette life 
‘ 4 ibe t t le t double the atu f basic t iid 
‘ went at ia i 
heats. TI ebuild ‘ greuate wei anging 
t fror t t e. Several plat 
ohne th ot hecame ‘ 
‘ ‘ yn Kir t i of the c Ke siterT- 
aie te cu Key ind re iit te i 
by le the me fut One 1 nt ‘ few 4 
‘ h exce ‘ ‘ 
the i} ‘ nat nm re the ke ther 
| 9 ‘ tert ted with 6 ni ‘ \ 
te 4 1 i ‘ ! at it 


Use in Bonded Roots 


Super Zebra Root Design 


cule wear extends ou lal 


Fig. 10-—This shows o suggested arrangement of 3 in silica 
keys, alternated with 3 in special basic root brick keys mm 
a ribbed root using staggered construction The staggered 
construction is optional, but the longer basic rings im this 
construction are close enough together to be of some benefit 


for a dist ce of mo 


and those which wea 


tougn 
all otne! cn 
i definite temperature 
at which silica re 
make an important «1 
Zebra roofs are bei 
mn both not 
ind bonded root 
vill be obtained by 


ble at tir t 


tempera 


and 2000 


tf ticula nter to those these roofs are giving ich 


lar Zebra roofs without com- plants, they can be made to do in most other 
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the th f the basi near the kew 
4 | 
d 
fs 
\t least plant ise regular ring constructior 
essf f the Zebra section of bonded of j 
ne of these plants, the roof life has been increased A 
net: f 995 heats t 00 heats. Th onstructiot j 
tandard in all 21 furnace rh the desigr / 
‘ ended f{ nded roofs. as it believed bet | j } 1 
t than the he ne desig1 inv of severa j ; 3 
en nace { { 
The effect of the human element on Zebra roof / 
fe nd ted the expenrence fone plant, where 
/ 
et i nstruct n has beer tandard practice in al ’ . 
nine furnaces for more than a year. The roof life last } } J 
nte eraged 175 heats, and during the past sun 
rr td ed to about 130 heats. Realizing that thi / / 7 
‘ 1 ete ‘ Zebra 0 was continued. The / : 
§ 
den n Wa tified when the of life began t f 
ncrease stead toward the winter average as the | 
er weather returned. TI hould be of interest | 
t nts which! have tried a Zebra roof n im- | 
7 
‘ t mi the a pecia i 
nstruction shown in Fig. 4 may be considered. In a 
ti te the comparatively trong ica Key 
vedue ure ed ipport the basic brick, which 
‘ lativels « hot strength. In this way, the a 
ebra construction might safely extend all the way “a 
from skew t kew. As Fig. 4 show pecial straight- eo 
ied cK are used alt the end . pane thu pletely satisfactory result Phe Super Zebra design de 
t of interest primarily to plan whose roofs 
extent ‘ mia few iv to the entire main roof rapidly than 7 ft fron the a. 
One plant naking a trial of this construction in kewS EE uniformly from skew _ 
i band 6 ft wide ove the tap hole Another is con +4 kew oo: 
j t ‘ th tap hol to- 
: il he wole area ( For extra-severe ervice near tne a com 
eth vith a trial of the J-in. Das “In. SHICa Ke} bination of two 3-in. basic kevs to one 3-in. silica 
net ot ‘ ‘ ere ectior on ide of kev improved olid basi houlde mav be of 
the tap 1 ‘ \ tl i plant probably will make a nterest to some plant in combination with re ilar : 
t f the Supe Zebra construction for the entire Zot bask ilica kev construction be- 
f. from knuckle to knuckle Another pron 
! ise f the Super Zebra root n plants where ‘febra roofs of all type have 7 
Zet oots have not been ed because root wear 1 mit. but it is enough above Pe 
nif mf m front to back. The use of Supe Zebra fs can be afely operated to . 
of I ich | nts probably would extend roof life seu teel production 
by an even greater percentage than it does in most wed a tandard practice 
int because channelir and buckling would be eta hoy and in both ring 
nlikely to occu test improvement ove Ca 
ping the roof hot as pos- } 
Summary minimize spalling of the 
Re Zebra roof construction; the new 3-u brick. Two plants where Zebra roofs have been hs 
isk ! ca key Zebra vot he Super Zebra tandard in all furnaces for more than a year kee; : 
‘ mi ed basi houlde ‘ a combination of the rooBture at 2700 F or above during d 
these tte nexcellent opportunity to increase harging, Foor above during major botton 
juctior nm most plant Singly or in combination epall Thev also carry ip to 10 pet exce air at ‘ 
these new tvpe f wf make pe ble a greate in- all time These operator along with many other . 
n product nthan any othe Oot ¢ xcept the have proved that when Zebra roof are Cpe rated 
‘ of with cor leration for the Imitation of both ‘ 
The n basi -in lica Kev arrangement 1 and silica brick, they will produce more stee n- ‘ 
le tion bv al itisfied use of Zebra crease roof life, decrease patching, or all three Sines 
nd should be 200d results in so many 
who have tried regu ; 


—— Rapid Analysis Determines — 


Boron in Alloys 


\ 
BLUMENTHAL American Electro Meta! 
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‘ t { Used Steel Institute ving the composition of “Be on and 
| stent t Vet H Alternate Steel tute only that boron-treated 
fe the delituent f nt tent tent can be expected to have 0.0005 pet min 
“y : ‘ teel f rit ‘ t n content If the boron content of the additior 
4 few know! t Die tay the 
ehich gives the optimum effect 
i ten e to re we The ywins nvestigatior indertaken 
‘ ht thre na t na weurate method t letermine the 
: t fYect ‘ oron content of mple and complex all ised a 
te 1 micke iment n the productiotr boror teel 
t that ! ! Fable I es the manufacture analyse f the w 
naw 
l eul ‘ 
wre illv ha been dete mined mn alloy bY 
; conit transforming the element into boric acid, sepa ating 
+) eid from the ext of the constituent and ti 
ft tratu t will dium hvdrexide. All element that 
i interfere in the titration eactil wit! 
eracted 
nherently different method The lest and st 
i 
‘ t common, originated by Chapin, cot t fd 
; ‘ econd eparuate the meta from the boron by 
Gir ther mere cath ind the th j 
he ‘ met ad ving 1 a 
When kept i I 
‘ ' na ted The econd. whicl vas not tested 
eved not to functior atisfact ‘ The method de- 
+) ii ‘ ped nthe cou ‘ est it Dasea 
» the precipitation method, which Wa felt to re 
The ample Was put ition either Dy 
wr htly with aqua regia under a reflux conder 


(rainal 
Flement 


Table |. Manufacturers’ Analyses of Boron Agents, Pct 


i silver 


berre 
beren 


Manganese 


Sileas Carbertam Berest! Keren 


odium 

carbonate in a platinum crucible. The basic nature 
{f tr iit prevent lo of boron effectively A 100 

r imple wa ised fe te on and manganese 
boron and a l imple fe vs lower in boron 
content. If ition was done with acid, 25 ml aqua 
(fla were added to the ampie through the con 

densor and 100 ml water added when reaction ceased 
The solution was completed by heating for 40 mir 
t Vv heat. If the sample was to be fused, a platinun 

bie Wa ned a melt of,5 ¢ odium car- 
bonate and the my mixed with 5 times its weight 
ft sodium carbonate, was put in. When a good fusior 


as accomplished the melt was cooled, 50 to 500 mg 


of sodium nitrate introduced and the fusion finished 


at tull blast of the burner. The melt was decomposed 
by poury it into 50 ml hydrochloric acid t« 
break up and Olate the thea, which was filtered 
off afte complete decomposition of 3 pet 
hydrogen peroxide were added t e decom 
position, and 15 ml more if the allov contained tita 
Precipitation of Metals 

Experiments were carried out in which the metal 
vere ther precipit riun 

dium hydroxide, « ate, and bariun 


Wa ati 
fact vith all the investigated alloy It was found 
that the precipitate made with sodium hydroxide 
and bariun hvdronxide contained a considerable 

nt of boron, while aluminum stayed in solutior 


and was titrated as boron. Calcium carbonate and 
barium carbonate did not precipitate manganese 
completely. Furthermore, it was feared calcium car 


bonate might cause the formation of a borate of low 


ibility in the case of high boron alloy Bariun 
carbonate effected complete precipitation of the 
netals of the foll ng alloy Ferroboron, Grainal 
and =6, Silvax, Sileaz and Carbortan Mar 
inese boror precipitated with bariun 
irbonate but a small addition of barium hydroxide 
to bring the pH to 8.5 and a little bromine water o1 
hydrogen peroxide was necessary to precipitate the 
manganese completely \ difficultv wa presented 
by ; that contained manganese as well as alu- 
minum. In this case, a first precipitation was made 
vith b m carbonate to eliminate all metals but 
manganese, and the manganese precipitated in the 


ate with barium hydroxide and an oxidant. Thi 


double precipitation was necessary for Grainal =79 


and Borosi (Although Borosil does not contain 


lv, the sample in- 
both 


hehtivy acidified with hydrochlorne acid and heated 
to boiling to expel carbon dioxide, which, if present 
would titrate as boric acid. The boiling must be done 
gently and in a well covered beake Joiling for 1 
iments showed that 
boiling for 10 min under the above conditions caused 


to 3 min was ifficient, but «¢ xpe 


no loss of boron 


Titration 

The filtrate may be titrated with 0.1 or 0.05 N 
odium hydroxide in the presence of mannitol vi 

lally or potentiometrically. If done visually, a mixed 

indicator solution of 0.05 g of methyl red, 0.1 g of 


bromocresol green, 0.30 g of phenolphthalein, and 


0.30 g of thymolphthalein in 100 ml of methyl alcohol 
was used, which gave more distinct end | 


unts than 
the common p-nitrophenol and phenolphthalein 
especially at a temperature of about 50 C. This in- 
dicator mixture give a distinct color change from 
pink to green when the hydrochloric acid is neu- 
tralized, the starting point of the boric acid titration 
and changes to purple at the end point of the boric 
acid titration. Eight g of mannitol were added afte: 
neutralization of the hydrochloric acid. Titration at 
elevated temperature shortens the time for cooling 


the boiling solution and there i therefore, le 


ml. of NaOw 


Fig 1—Determination of boron in ferroboron Broken line 
indicates change of pH caused by addition of mannitol 
FEBRUARY 
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vestigated contained sma amour ° a a 12 ie c 24 
For economy the acid solution wa partiv neu- Ee 
tralized with sodium hvdroxide before barium car- Ka 
bonate (in powds form) was added. The precip- 
itated metal were filtered off ind the filtrate 


Table til Recovery of Boron after Borie Acid Additions 
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MBD—M g pment Directors Meeting, Executive Theory 
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7pm MBD Scotch Breakfast 2 pm 
Dinner Smoker 9amtol2m NM. SEG- omic Geoloqu 
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Coal—Ut at IMD— Powder Metallurgy of 
7 300m Coal—Gasification and Metal Ceramic Materia! 
IMD—Publicatior Committee Liquefactior Symposium 
Breakfast MBD, NM—Beneficiation of IMD—Physical Properti« 
8.45 am Industrial Mineral ISD—O.rygen in Steelmal 
Petroleum Branch—Economic MBD—Operating Sumposiun 
Jamtol2m Petroleum Branch—Executive EMD—Uncomn Metal 
MED—N« Product Committee EMD Addit Agent 


Tre a IMD Crystal Str cture ectromet rgu 


FEBRUARY 1952, JOURNAL OF METALS- 


; ; Sut NM-—«N Indust Minerals D ‘ D MBD Mir 
D Stes D Pet eu B N ed SFG. Societ Fx 
M—Open Pit Mining EMD— Addition Agents 
try and 
¥ 
Sympo m 
1 D—Uncommon Metals 
MD Addition Agents 
Flectrometallurqu 
43 


a 


OURNAL 


METALS 


brings 


with abstracts of 


such work 


Descriptions of the progr 


given im gre 
Mining Metallur 


Institute 


10 pm Mondoy 


morning 


both Government 


Govern 


gsmount of research work tor 
th ndustrial 


JOURNAL OF METALS 


«t 


ustry now underway 


versity aboratories 
utstanding proy 


thu 


summary of some + the 
summoarizations g' 
prepared by screntests im charge 
these seare 


Annual Meeting 
gical Engineers in New Y rk 
n Wednesday 


ess 
at the t the Amer 


ater detail 
hd 


Feb 18 1952 natinued 
eb 2 2 


and « 


FEBRUARY 


Vanadium-Base Alloys 
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Technology, Chicag 


There  @ vast 
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A U SEYBOLT ond H T. SUMSION are with Knolls Atomic 
Power Laboratory. General Electric Co Schenectady 


treatment 


W ROSTOKER is Research Metallurgut, Metals Research Dept 


Armour Research Foundation of lnstetute Technology 


Chicago 


F D ROS! C A DUBE, and B H ALEXANDER are with 
Sylvania Electric Products Inc Bayside, N Y 
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Vanadium-Oxygen Solid Solutions 
indert ‘ t tud the tfect ‘ ‘ apie t ent u t nea 
Init ilt int nd thy j ence » been pre oat hed the to 
rt na of forma Phe ie lisorder bound ‘ e letermined 
Studies on the Kinetics of Transformation in Titanium Base Alloys : 
IOUS w b estat hed that the ? ‘ ire titaniun ised meit Tock \ 
f nie transformation t te To 1 vice bea f compositior odide 
4 ty tad The tin ter ‘ ‘{tonticr heir paid t ath nhib 
ture ence these eact rn bv epre t ind minimum-n } ‘ It wa 
nted t nventior hart found that free carbide disper e particularly 
W m the titanium-ot miun tem } elded wctive it est nir th whik ‘ 
Observatior , le du the « . ky nted that all made f ry odide titaniu ind contair he} 
ment nm, nit ‘ nd cart n re tor most immediate Lovie te muct 90 pet cold 
j f Plastic Flow in Titani 
Mechanism of Plastic Flow in Titanium 
Tes tud the le clement mn titaniun por ed t the Offices Rene } USA 
sndertaken to bett inderstand its mechanic: Contract AI 138-160 J 
e- pac icture tud alse ec heat pecimer t fi mr liam) 
pacing and fer plane Thu et theo tere raphic analvse 
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R W BALLUFFI and B H ALEXANDER are associated with 
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Embrittlement of High Chromium Ferritic Stainless Steels at 475 C 


A J LENA is o Graduote Student, and M F HAWKES is Asso 
crate Protessor, Dept of Metallurgical Engineering, Carnegie Insti 
tute of Technology, Pittsburgh 


46 JOURNAL OF METALS FEBRUARY 


m the ane ‘ Neverthele ‘ 
2 firect ; hoth the direct ‘ 
est packu ind the p direction in the hex 
' ect that the lirect would be preserved 
tie t e it been established that th is a more 
It fundament perty of a metal than the lip plane 
t tatior f the pecimen ax with increasing de 
7 ' ' t ‘ tended t nclude the mechanism of plastic flow ir 
t ieformed at elevated temperatures and at 
3 imensional Changes Normal to the Diffusion Direction 
rites talline wire The overall normal expansior 
B 4 t n t tne n a oon a ve Mui iiffused into the wire 
irface” Plastic flow, therefore, occurred in the nor 
to th litfused core of the wire as a result of the norma 
od iced ny ii ft or thie vol imme next 
3 to the diffu ! to the wire irface Evident ich plastic flow 
t ert maucia bole thir wire at elevated te mperature 
th ‘ in ( esponding flow much le nm massive sandwict 
! t ‘ ‘ tvpe ouple and most volume expansion produced 
ecimer t hiffusior estricted to the diffusion direction 
‘ 
| 
| 
‘ ten whet eased agi time using conventional etching re 
te ot bserved in the aged lL4pcet Cra vy when etched 
: ' t ‘ est ted copically in a 50 pet boiling HCl] solutior 
ipt rt Widmanstatten type pattern w not found iu 
7 ed at higher temperatures where yma know! 
j t } eu! to form. It was not pe ble to resolve a precipitate 
+} \ ‘ ret it believed that t? might be a selective etc? 
ob ng effect along planes of alloy depletior 
sir e cryst ina by the Laue back reflectior 
. ' . _ technique shows a small amount of aste m in the 
tune f agu te m builds up to a 
maximum afte min at 475 C and then decrease 
‘ ‘ ‘ ilt vithout the format f inv new pot Furthe 
vork now in progre ngle crystal-mono- 
\ arn hromatu jiation methods. It is believed that th 
' ' ‘ might lead to a prediction as to the nature of 
t +} om) ttlerment. that whethe the em} ttl: 
; what to Un nent caused by precipitation of a second phase 
istering } to precipitation f a second phase 


L HIMMEL is Research Engineer, Westinghouse Research Labora 
torves, East Pittsburgh R F MEHL is Head Dept of Metallurgical 
Engineering, and Director of Metals Research Laboratory, and C E 
BIRCHENALL is Member of Staff. Metals Research Laboratory 
Carnegie Institute of Technology, Pittsburgh 


F L VOGEL, JR and R M BRICK are im the Dept of Metol 
University of Pennsylvania, Philadelphia 


lurgy 


H T LEE and R M BRICK are im the Dept of Metallurgical 


Engineering, University of Pennsylvania, Philadelphia 
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Diffusion in Iron Oxid 
AS EMENTS } een mad te tion fror n diffu the relative contribu 
4 the thre. being iependent uy the termpe ature 
ait? In bu herr eneou atu sta Fe O. (rhombohedral) u 
t 1 nt ed hyd n-wate | an Here the me irements indicate a negligible 
thy ‘ iiffu efficient ste or eve it tempe ature ul 
inet ft} t tion of the oxide. incre ' to 1200 C: transport | side jor ather than by 7 
with tion f t hiometric con nterstit therefore favored in FeO 
These conclusior ine i with the recent 
marke movement studi f Davy Simnad, and 
t { eement with the v it 
nstant data for the s ng of Birchena numbe f interesting microscopical 
lence led bservations have o been made on the growth and 
that th te etermining fact n the oxidation of tructure f oxides formed on pure iron, particularly a 
‘ ‘ ‘ ite of tri iM ‘ i ni Dear i ‘ imp it 4 
th igh th tw tite lave product ike FeO.) of the thermal decomposi 
Sutal etite ecimer vere ybturned tion of wustite below 560 ( oor pea ti 
ondit tempe ture thy ite ff self-diffusion 
nin ret eat it f magnitude lowe ~ I Jounnat 
that thy + the Fo. ccu by 
= 
Deformation of Ferrite Single Crystals 4 
aa 
nd th ‘ Ived hea fir j pin at 2OO ¢ vhere homo- 
‘ ‘ ‘ ‘ cop i 
‘ t ‘ ‘ iture ue narki ew ‘ ecome ‘ evider nd hie 
' ( ( le ure ‘ microscopically 
\t m ter ture nd below trong double bole pm line At these htly elevated tempera- = 
j P ent rod the Nitin le mark ture a definite preference estat hod (110) 
These glide is the plane of 
, n a specif rt vork ipported by the office of Air Re i 
+) earct \ Mate Command, Cont t No. Al 
‘ 
$3(038)-15889 
Slip & Twinning in Single Crystals of Berylli 
| Ht t ed she tre i] the predicted 1012 twinnit and also tr matic lay 
ir? t ince compre or I predict the lef mation and perative c! tau 
ired iifferent te iture the plane twinning Vu a to know the 
noe ¢ ry om temne tul t oo Cc n th 
we I nea lirectior A theory of shear for (1012) twin- 
+} ha ne heen fron to 70 
A | . ning has been developed which shows that the irra 
‘ pre iN tional atomic heat hown bv Barrett’ for atom 
} lane lef w prac- 
| 
( rY ‘ the t il ine caused 
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M NICHOLSON is Professor at Institute for the 


Study of Metals, University of Chicago Chicago 
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tor movernent and individua hea wt 
re ot ‘ packed hexakona bodv- 
' t , » heen it ided in a generalized at y 
t te r — based if part on work per- 
‘ t ‘ mec Dt ect Né 390) ponsored t the 
te Lattice Office ‘ Naval Rese ct 
thie ASME 1949 
i lubility of B in | 
Solid Solubility of Boron in tron 
: \ t er t belief that I ntroduce boron int ample ! on it wa 
muetl j inded with cryst ne boron powder (99 pet 
We B. 325 mesh) and heated in a ary hydrogen atmo 
and here 2 t GOO L' these conditions a@ Cast 
Fe B apr imate 0 003 in. thick was produced 
t ‘ ‘ t? Ar ¢ 2 vere equired to pre tuce case ot 
t pproximately 0.000 Comparatively ntimate 
} eferet t ntact between boron powade ind iror necessary 
techy j t effect the be trunmste ut maximufr rate 
2 j ‘ betes ed lr fact the borat iptake negligible 
, the  atute eral centimete from the powdered boron. Boron 
( trans! te t ble even whe 
packed about the imple he 
cuun n “wet” Thus it af 
echanism of boron transtet by me 
a 2 ! te Thermodynamic cal jlatior 
‘ ‘ ‘ | it 
: tial pressure of diborane (B.H.) at 
mental beha It seen kely thay bx 
: ‘ ‘ the t compound 
rn) Weve 1 \ \ Mitt KA 1 t ate biset 
The System Molybdenum-Boron 
| t thie ( tendencs the ho aton to forn 
Mol heatit shout eshuftlu of the 
biel om temperature by quenching 
‘ reture ve met e nature but the conduc 
tivitie nmi othe ‘ ire 1 to ne 
high and © temperature form. Beta MoB and 
> tat ed « t oom tempe ature 
' , " that of by the idition of t ies of other metals, the roon 
I ‘ tructure temperature tructure of which are omorphous 
M ’ t st ture e 4 vith the high temperature forms of the mo] i” m 


ire assumin 

The effects 
recipitate, on 

wtion of tempera 
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ate are PIVeT 


R MARINGER ond G T MUEHLENKAMP are with Battelle 
Memorial Institute, Columbus, Ohio 


Orientation Relationships in Cast Germanium 


interfaces) are 


CYLINDRICAL ygermaniur ingot » gions in th relates rough successive 
formed by progressi reezing from the bi or rs of « al twinning; : in the growth of 


hey become large, o1 


21 20 19 is 14 
SRG MB TS SRS 
3 ~ 3 


fe) 


& © 
5 < 
W C ELLIS and JACQUELINE FAGEANT are connected with 
Fig 1—Etched sections cut from germanium ingot Freezing began Bell Telephone Loboratories, Inc., New York 
with shce 21 and was complete with slice 0 


Distribution of Solute Elements Between Liquid and Solid Germanium 


fistril 
f ntratior t ul om 0.01 to 100 py 


‘ difics 


between the solid and liquid 


t phi naintaine © that nonequilit 


\ known ; in tT U ner s added to 


at L 


The concent! whict depend on 


and may be sever; 


J D STRUTHERS, H C THEUERER, E BUEHLER ond J A 
BURTON ore with Bell Telephone Laboratories, Inc, Murray Hill 
N J 
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Anelastic Studies of the Effects of Nit in Molybd . 
4 
STUDY f the anelasticity of molybdenum, ¢ liffusion f nitroger tom u olid solution The 2 
affected by nitrogen, was made by mear f nstants f the diffusion of nit en in molyb- "he 
nternal friction test Molybdenum wire mpres lenum are calculated for tl 
nated with nitroget inserted as the suspension of the nitrogen present int i 
a t n pendulum and oscillated at low frequet f nitrogen, in solid solutior : 
‘ A stable peak wa bserved in the interna the mechanical properties a * 
frietios temnerature ¢ e at 1300 F and ture of testing and strai 
or is temperatu uy at and 
Tt pear beleved caused by the tre nauced 
microscopically and by X-ray diffraction. The etched preserved, 3—regior When iii) . 
irfaces of the shice ire shown in Fig. 1 further freezing either twin or develop lineage; 4 i 
This examination evealed the following l A the growtl { re or containing neawe etarded A 
and lineage eplaced with a new orentation 
weeping in from the te -eXamination of 
t ve ce ow at « ‘ ometimes grow 
jeway wit espect to the maximum thermal 
vradient; 6—there evidence for the development a 
tf ene ition tw igt Vay vrowtl al 
u result of accident tack! on favorable octahe 
lral plane These twin plane ire those nearly 
lel to the maximum therma radient of rowth 
en juid from which it solidified. Approximate value 
fk have beer jetermined fo Al. Gi Ir 4 Sb, 
a polycrystalline got prepare 
tion of the element in the resulting solid germaniun exact solidification conditior Pe ; 
jetermined as a function of the fraction solidified times larger than the true equilibrium distributior ; 
isit adiouctive trace techy yue and electrica coeffticvents 
conductivity measurements These lata give the ' 
effective distribution coefficient lefined as the 
atio of the concentration in the solid to that in the - 
; ‘ i 
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Orientations in Annealed, Very Large-Grained Aluminum 


R G TREUTING and W C. ELLIS are with Bell Telephone 
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— Laboratories. Inc. Murray Hill N J 
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C S SMITH and GUTTMAN are associated with Institute for 
the Study of Meto versity of Chicago Chicag 
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‘ j i } tte 
former texture ‘ ted H Beck 
pet eciuct ‘ ‘ ‘ thie t 
| nad etweer ) 
The st had beer nme ‘ 
ie ‘ ‘ ‘ ‘ 
rim A f il effect ry the 
i « tica ry ‘ | 
non a cale 
‘ 2N 
ndom section ‘ ed. 
nd ‘ 


ne procedure olute can be spread uniformly ove fealized freezing condition ‘ no diffusion in 
all but a ma portior { ar ngot Ir nother olid, complete diffusion in liquid, constant value for 
olute can be trongly concentrated at one end of the distribution coefficient 


W G PFANN 1s with Bell Telephone Laboratories, Inc 


tigation aided by ftinancial support and in @ vacuun Internal friction studies of pure 
from the Office of Naval Research and has been gold are in progre 


of metal tion, commercial metals are vulnerable to damage 


of oxida- 


from environ- 


nherent property of metals or whether it results ment, and 2 ome of the intercrystalline rupture 

from environmental damage such as intergranular of commercial alloy caused by damage from the 

jation in oxidizing atmospheres « eductior f environment but even in the absence of environ 

intergranular oxides in reducing atmospheres mental damage tals exhibit a fundamental crystal 
boundary Wweaknme at high temperature 


O C SHEPARD is associated with Stantord University, Stantord, 
Calit 


General Aspects of Metallic Binary Phase Diagrams 


ly we ascertain how success- parameters calculated for each of the binary sys- 
fully of binary pl ase dia- tem These are plotted along three orthogonal axe 

an with invanant atom the spatial distribution of the points is a measure of 
propert uent A group of cate- the iccet of the correlation The fact that th: 
vor ry system fit sucece only very moderate, demonstrates the in- 
inambiguouslyv into these classes are culled from the adequac T of the a imptior 


literature. From general considerations, three atomic 
defined ond R_ A ORIANI is with the General Electric Co, Schenectady, N Y 
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Effect of Cold Deformation and Annealing on 
Young's Modulus of Metals 


CCORDING to mple theory cold deformation more 4—-cold working introduce dislocatior i 
A in the absence of a phase change, affects the although the applied stresses are probably not high 
modulus of metal by | ntroducing residual enough to move dislocations past a barrie the di 
trains (lowering the modulus), 2—producing or ocations May move elastically and lower the modu 
changing a preferred orientation, and 3—1in ferro- lu Annealing of work-hardened metals decrease 
magnetic allovs reducing the stress-produced mi: esidual train and dislocations, increasing the 

modulus). Further- modulu may alter the modulus through textures 
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Principles of Z Iti 
rinciples ot Zone-Melting | 
A SOLIDIFICATION method known as zone-melt A detailed study has been made of the principle 
ni liscussed, a ba feature of which ts the governing the applicatior f zone-melting to the 
’ traversa f a relatively long charge of solid alloy problems of uniformity and purification. The re ; 
DV a snort molter one, and a basic consequence of ilts are expressed mathematically in terms of the : 
which is a high degree of control of the distribu number, size, and direction of travel of the zones, : 
tior ‘ ite in the uv t. In one ] f zone-melt ind the solute distribution in the st tir charge. fo 7 
an ingot, thereby purifving the oivent metal in the ce 
emainase Still othe vVariatior are po ble 
: 
Int talline Fail f Metals at El dT : 
ntercrystaliine ratiure etais a evate emperatures 
in 
finding whether the intercrystalline 
tests of extremely pure gold have been made in au i i 
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The Influence of Solute Atoms on Crystallographic Texture 
And Creep Properties 


C L COREY is im the Research G Development Dept. Babcock 
G C Alhance, Oh» 


Generation of Porosity During Diffusion 
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Syivamia Electric Products. Inc, Bayside, N Y 
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R M EVANS and R | JAFFEE, Members AIME, are associated 
with Battelle Memorial Institute, Columbus Ohio 

Discussion on this paper, TP 3239E, may be sent 2 copes, to 
AIME by April |. 1952. Manuscript Sept 14. 1951. New York 


Meeting, February 1952 


TRANSACTIONS AIME 


the 
point of 


behavior of 


thi reason 
cach of 
form of 2-g 

lacing the comp in a graphite 
holding them 1n arg vosphere at 
These me ibjected to 
l olidus tempera- 
im. Since these 
id Tl) did not 
re not 


Ga-Sn-Zn Alloys 


iderations of thi 


com 

vere: a 

(20 C), 

obability 
to be di 

ed «i> an 

vstem 


gallium 


Table | Available Information on the Effect of Binary Additions on 
the Melting of Gallium 


Gea Rich Batectic 
Pet Tem 
Addi pera 
Type of Effect tien ture, € 
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Low Melting Gallium All ‘ 
ecent yea the interest in liquid metals as heat of the point of gallkum. Indium and silver 
transle media f Nt pliant has been vers lowe the melting point of galliun but are of 
great. The | bilit f the development of nuclea ttle interest f ise in nuclear power plant 
power plants has increased this interest and served element eported not to lower the melting ae 
is the impetus behind much research on low melting gallium, there me ambiguity on thle i_ 777! a 
met and alloy f ich pury ‘ The principal copper. Weibke obtained lidus arrest temperatures se 
easons for cor leration of juid metals as heat- f 29°C f Cu-Ga alloys from 60 to 90 pet Ga, 0.8 ¢ ; 
transfer media lie in the high thermal conductivits lowe than the generally accepted melting point ; 
nd consequent high heat-transfer coefhicient ta- This may be the effect of a eutectic close to gallhum a 
bilit it high temperature and the high range ot r. more likely, the result of impuritte or experl- . 
tems t ble mental ol 
The element gallium possesste ome of the ‘ ihe even element ted in Table 1 whose effect pine 
site properties for a heat-transfer liquid. It is a were not known were of potential interest if they | “ 
inique material, having a low melting point and a lowered the meltu point of willium. The effect ' 7 
high boiling point. Pure gallium melts at 29.78 C were dete ' . 
ind table alloving will produce a metal which Binary a ' E 
melts below room temperature. The t ng point i these eler 
tramste characterist would be Is cible and 
not now readily available, due in part to of C fe 
ist f the metal. Neverthele it is not a rare thermal | cy 
element, and a sufficient supply of gallium exists to ture wa 
permit it nsideration fk thi ist element 
Since gallium ha ome promise as a heat-transte lower the 
quid, owing to it inique propertie researcn of considered further as components of a eutectice-type . 
tre ibject Was Carried on at Battelle Memorial Ir alloy Fx 
rt esearch had as its objectives the determination Prelimina cons EEE s system for low- 
f the effect of alloying on the melting point of gal meltir ille were encouraging, All three binary ' : 
u ind the study of the corrosion of possible con- ystems were of the mple eutectic type i 7 
taine material tion and meltu points of the eutect 
In tl esearct alloy were found which haa follow Sn-9 pet Zn (199 C), Ga-8 pet S : 
gnificantly lower meitir mints than pure galiun and Ga-5 pet Zn (25 C). Therefore, the 4 ) 
bu ne which simultaneously fulfilled her addi fa ternary eutectic was high. For reason ; 
tonal requiremet chiefly, the corrosion probier cussed later, aluminun ild not be u ‘ 
Neithe was it found pe ble t reduce the meitin alloving constituent leavin the Ga-Sn-Z - 
of certain otherwise sultable alloys ap} abl as the only one of interest for low-melting 
by small additions of gallium or gallium alloy * 
‘ ilt pave ttle hope that alloys 
ind minin t tne indesirable characteristie of 
elemental gallium. Thus, gallium now appears I ‘ 
pror than othe metallic heat-transtfe media 
rhe experimental thermal-analysis techniques used Kefer 7 
Metal ence 
nt work have mmm de scribed a 
t t lowering 20 2 
As a first appre development of low g-point ering 2 2 
melting gallium alloys was based on alloying el v Meiting t lowering 2 ' ; 
ment litable f ise in a nuclea pow plant siting 2 
which also lowered the melting point of gallu ting : 
Information from the literature, summarized in No eff ‘ 
‘ No ‘ 2 
Table 1, tin, aluminum, and Zinc are 
the only lowering No effect elting 
Effect not k 
Effect not know “a 
Ce Effect 
st Effect 
T Effect not k 
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i, would be 87 tG pet Sn-2 
ou tior md the mal peu 
that Altration t eutectic suid 
Vi « ar il 
‘ f i h 
ela i tw 11a appea bette tice ‘ 
mit t on the G « of the eutect ‘ 
G ecause of the ect f the at 
i the ma ne fieid. in th much be 
ter t yuidu term pe iture W ud 
f the Gs nee all variatior in mpo or 4 i ‘ 
i t ffect on the melting point 
t i rot - 
eared to be advantageous. The invariant |} 
' ay 
m-rich Ga-Sn-Zn-Al alloys on a Vit} i 
is found to be 15.5°C Howevet! n rerunnir he 
; \ uw i int point obtained Was ++ 
jentical with that of the Ga-Sn-4n eutect 
4 ‘ nat or ‘ 
: The Ga-Sn-Zn-Al alloy vere yund i 
os a er) wwidly in air at room temperature Held at 
int the i ted bet w were held in a 
C for 24 hr and the following observations wer 
1 i ‘ i 
made 
hed 17° 
‘ Alloys 
Ga-20 pet S « skin, not seriou 
t ed tGa-25 pet Z ‘ 4 
q ent that aluminun espor hile ine 
id f Ga-Sn-Zn-Al a D nu caused 
4 ? Inverse Rate 
22 4 
wart hecked i ‘ 4 
3 vat ecked re 
) ‘ Not checked te 
‘ 
T 
Time te 
T 
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Fig. 1—Liquidus surface of Ga-Sn-Zn system 


Dilution of Ga-Sn-Zn Eutectic 
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Fig. 2—Liquidus surface of gallium corner of the Go-Sn-Zn system 
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! est as a result of loss of aluminum by vida indy or grittv at room temperature, and do not tend Pa 
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ee Lead-Tin: Only limited data were gathered on tt a 
When tended lilution. Data obtained on dilutior f the Ga-Sn 
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Z Phe Ga-Sr n eutectic alloy may be diluted Th liq { the ¢ eutect ised 
t ve iun ntents with minimum increase harply to the Pb-Sn-Bi eutectic temperature by the i 
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Cast Molybdenum of High Purity 


A study was made of the effect of impurities on the bend ductility 
of cast molybdenum. High purity molybdenum was prepared by re 
melting under high vacuum. The ductility of “transverse-grain” 
specimens indicated that intergranular brittleness decreased with 
an increase in purity of the metal. 


Weve production of as-cast molybdenum with high of the as-cast metal at room temperature. Also, there 

ductility at room temperature would make work is the possibility of infavorable distribution of 

ing of the metal easier and increase the usefulne the mpurithe ha i a detrimental effect on the 
f fuctility of cast n bdenum 


of the as-cast metal. Furthermore, a knowledge of ictili 


the factors that influence the ductility of -cast The results of a study of the influence of purity 
Ivbdenum might be applied to the prot lem of on the room-temperature ductility of cast molyb- 
weldments having satisfactory room- fenum are presented here 


Vacuum Arc-Melting to Produce High Purity Mo 


jenur ure lightl duc é it mm t ature One way of determining the effect of impuritie 

However. the presence of carbides at the ind on the ductility of molybdenum ts to prepare and 
arte ma cause the metal to fracture in a b iftle test metal a free of all impuritie a po ible Ac- 
nar r behavior has been discussed cordingly, the present investigation was undertaken 


The amount and distribution of the impurities in 


ing in high vacuum (le than 0.1 micron 


-cast molybdenum would be expected, from pre- 


of mercury) was chosen as the method for reducing 


vious research on the metal, to have con 
fects of oxvgen and impurities below the concentrations occurring in 


commercial molybdenum. Comr 


nfluence on its ductility. Some « 


relal are melting 


carbon on the mechanical behavior of the metal were 
discussed by Parke and Ham,” Woodside,’ and Zappfe of molybdenum ts carried out at about 50 micron 


Landgraf, and Worden.’ Parke and Ham’ found that pressure. During the are melting, carbon and oxygen 
f a sufficient number of molybdenum oxide particle in the metal react to form carbon monoxide by 
were present at the grain boundaries, the inter- virtue of the vacuum proce the partial pressure of 
ranular cohesion was reduced to the extent that arc- carbon monoxide is maintained at such a low value 


that the reaction greatly lowers oxygen and carbon 


melted molybdenum would rupture inters rly 
during hot forging. They also found that if the contents. An excess of at least 0.03 pet C is used in 
oxvgen content was less than 0.003 pct, the cast commercial arc melting to insure that the oxygen 


content will be below 0.003 pct 
The excess carbon remaining after the deoxidation 


molybdenum was hot forgeable. It is suspected, how- 


ever, that forgeable molybdenum may contain a 


small amount of oxide that could reduce the ductility 


forms carbides on freezing. Some of the car- 


te} 
bide 
G. W. P. RENGSTORFF, Junior Member AIME, is Principal Metal be shown, have 


precipitate at the grain boundaries and, as will 


an unfavorable effect on the room- 


lurgical Engineer, and R. B. FISCHER is Assistant Supervisor, Battelle temperature ductility. In the present work, only the 
Memorial Institute, Columbus, Ohio small amount of carbon (0.003 pct) contained in the 
Discussion on this paper, TP 3212E, may be sent, 2 copies, to commercial powder-metallurgy molybdenum used 
AIME by April 1, 1952. Manuscript, Sept 4, 1951. New York for melting ao k was present. Partial removal of 
Meeting, February 1952 oxygen from the melt probably occurred as the re- 

This research was supported by ONR Contract No N9onr - ; 
ilt of volatilization of molybdenum oxides, o1 


82100, Task Order No. N9onr 82101, Proyect NRO3!-339 


lation of oxygen at the high melting tem- 
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Fig. 3—Reflective area from the interface, shown in Fig 2, at higher 
magnification ) 


Area reduced approximately WW pet for reproduction 


4 to prepare high 
how schematically 


ling water 


Comparison of impurity Levels of High Purity Molybdenum 


Table | 5 
and Two Samples of Commercial Molybdenum 
Chemical Composition, Wt Pet 
(ar Oay Hydre Nitre 
Ihe ription of sample ben cen gen gen 


ma fractured molybdenum 
Fig. 4—Carbides at the grain interface in a fractured sample of 
commercial arc-melted molybdenum containing 0 03 pct carbon 


Micrograph 


Fig 2 
the surface of « grain revealed when the metal was fractured 


m high purity ingot Nx 
metal was fractured 
This 
“e Area reduced spproximately pet for reproduction 


spe 
sled when the 
d approximatels 
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rig Vacuum oa turna use thomed im the old, and th ld plug introduced 
: purity molybdenum ingots Arrows I . bdenum mel k w crushed t 
oa the direction of tlow of cook esh and placed in a vibrating trough feeder. A 
; ler DOIOCK Va pia 1 n the ¢ 
pre ent adherence f the the n 
“4 n in I 1. On toy tu) lug wa 
Fi a all ball of bdenum wool wa 
. ed on the crushed meltin tock as an aid i 
: The t wus d ped over the melting chamber 
f nt ; nd the chamt ‘ ated to a pre ire of | thar 
' not iry. 1 mping speed was about 
! 
tH 
ast 
= 


Orientation of specimens machined trom 
molybdenum ingots 


ge had incr 
eased t 
00 to 450 
the 


i+ 


cooled tor 


xvgen content 


already 
thed about 400 g. The ig 
a bar sintered from powdered molyb- 
and then crushed t 6 20 mesh. The 
product of the first melting was crushed to the —-6 


Fig. 6—Side view of transverse-grain specimen “A” of high purity 
as-cast molybdenum after bend test at room temperature 


Compare with Fig 7 X5. Area reduced approximately 75 pet 
fer reproduction 


Fig. 7—Transverse-grain specimen of commercial as-cast molyb 


denum containing 0.03 pct carbon after bend test X5 
Area reduced slightly for reproduction 
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Table Il. Bend. Test Data tor Cast Molybdenum Specimens 


Maximum 
Angle of 


Specimen Bend Deg 


Fig 8 Transverse 
grain specimen of 
commercial as-cast 
molybdenum contaim 


ing 0.03 pct carbon 


roduced molybdenum 


Examination and Testing of Mo 


interfaces of several grains in Ing 


examined 
lagnification of iam. T} highly 
eflective. The 1 id, dark ; i gas hole The 
parallel hi ap} I ‘ tallographic 
plane 2 $3 icrograph of an interface a 
The interface of the high- 


rity molybdenum shown in Fig. 2 can be compared 
with the grain interface of a commercial arc-melted 


molybdenum ingot containing 9.03 pet C shown in 


Fig. 9—Reliet patterns of grain boundaries on the tension side of 
high purity bend test specimen “A” 


large carbide particles are present 
pecimen 

A transverse bend test wa 
ductility of commercial molybdenum 
purity molybdenum. The 
the center by means of a cylindrical load applicator 
‘y in. in diam. The ipported on two 
evlindrical rolls 44 in. in diam spaced %% in. between 
center lines. The size of the transverse bend speci- 
mens was 0.15 in. depth x 0.25 in. width x 1 in 
length. The bend tests were made at a temperature 
of about 75 °F with a Baldwin-Southwark testing 


ised to determine the 
and of the high 


pecimens were loaded at 


pecimens were 
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y 4\\\) 
pe 
4 \ 2 pet 
t ke 
2 2 
2800 cu ft per min at 0.1 micron pressure and the s at Get 
the pre ire rise was le than 1 micron of mercury / 
per min when the valves in the lines to the vacuun < >> i 
1 Q = rig 
The Wa ta ted DV ] we in the } 4 
trode until it touched the ball of molybdenum wool 1 = 7 
i liately afte he arc Wa icK he voltage ee 
was reduced to about 20 v. At this voltage, and wit! GRAN NTERFACE * 
i *s in. diam molybdenum electrode tip, the current ee 
was about 600 amp. Crushed molvbdenum was ther . 
fed nto tr nr rr It te forty 
and melted mest ‘ na emelted. The product f the 
The electrode was gradually retracted as the ingot ; 
A econd melting was crushed in th ime manner to . 
bu il n the mold. Some of the molvbdenum tip 
f the electrode melted during the course of each warn 
nand entered the ir t. As the electrode tir hort- METTLE -U p of the weight of the ingot pro- oe 
and en h duced by each melting came from the electrode tip 
ened Wa nece iry to increase ne age i 
ectro tir wer t fron re ror 
der to maintain the arc. Near the end of the melt- whe electrode tips were cut | ds made from * 
i+ lt it ) i molybdenum powde intered, and swaged. The ca 
+} nt hadd 0 The t bon, oxygen, mitrogen, and hydrogen contents of ra 
arc Cu nad ae amy ne time 
1 Ingot No. 1, as well as those of two commercialls 
equired fe melting a nee was 7 to 10 : Table I a 
samples, are giv 1 Tabl 
min. The pre ire durir was le than 0.1 I — ire given in Table ” 
inder the high vacuum The | 
Ingot Ne l had a low and wi 
produced by are melting for the purpose of compar- as 
ng its ductility with that of less pure molybdenum. It = 
vas prepared by melting commercially pure molyb ‘34 


bonds im high purity specimen A 
bend test 


mate pet for reproduction 
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it t e of nd than did the 
tudit st met ile f tt ie 
— biect of another investigation now in 
— on ¢ iflerent ‘ ‘ mmerc 
enun na studied a jescribed at ‘ The ilt 
Py Othe ey bdenum ingot nta 
‘ the i t tl ‘ he rrirrie ‘ 
! iin t? A 
Micrograph of sh 
+} meltir 
on } h vacuulr | er 
nd nitrogen (and possit ther elements) were 
et) in the meiti cK, W ! ed wu 
The cast ! bdenur f high purity had con- 
jerat eater ductility than did the pure 
ture rite il i ! tthe manne it 
molybdenum were ductile unde the same 
the mpuriti at the iin boundart f ca 
aq ' nd thereby had a marked influence on the bend 
« e the normal stre ry the ain bound 
| ‘ comparatively low, indicated that the ductilit 
ed with ar nereast nm purity 
While the influence of reducit the mount ‘ 
tie TY bdenum has beer how?! t should 
; he mentioned that data show! the effect of the 
: nd dual impurities we ild be most valuable Also 
the bilitv should be conside ed that minor add 
, sg thor of other elements might educe the effect of 
+) the harmful impurities in molvbdenun 
ecimel Ihe poort of th mut she Office of Nava 
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Internal Friction Measurements 


On Iron Wires of Commercial Purity 


Table | Chemical Composition of Materials 


Analysis Pet 


it atta ned 
f them and an 
redominant one 


om experiment 


Wa al 
phenomen Ke The 
mmercial mild st with nor asuren t as reported in 

n th nvestiga 


with d 
refer to 


temperatul an 

ine tos Determination of Nitrogen Peak 

. ym steels A, B, and C were decarburized 

pet HO) at 700 C until 

chemical 

he internal 
annealed at 580°C 
ence F gh a solution of 

r and appe: i i ilg wi ‘hemical analyse 
carbon peak, ar f uw and C, an 06 pet in B. After 
determination reduced i at ; 4 l nin in a lead bath and 
t affected by tl sence rnal fi on was immed 
TI ilting irves are shown i 
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nign al f the internal 
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D' RING the last few year everal paper have 2 
been published in which internal friction mea ee 
irements have been used to determine the quantity 
f carbon or nitrogen dissolved in a " rt —E i 
method based on the fact that, in pure Fe-N and s , 
Fe-C alloy nitrogen and carbon Cause peak nm the Steel Si Mo sel Al 
nternal friction \v temperature curve at a fre a 
yuency fl cvcle pet ec (cps) these peaks appea 01 
‘ O15 0.02 
at 20° and 6 respectively, and nternal 4 
frictior expressed as Q whict equal to 1 ) ( 
time the logarithmic decrement, t? fivure Will, DY ee 2, 
coincidence, give the weight percentage of nitrogen te 
or carbon in s« 1 solution termination of the two element 7 
In most of the studies published, very pure iron ome relative figures on the in oe 
(Puron) was used. In one case the influence of ndication of which on the } ig 
manganese on the behavior of nitrogen in « iron would be of value. Some results { Zz! i 
wus mentioned " these line will be reported here 
It would be of great ie 
tT aging and elate 
could be applied to ¢ 
mal percentages of n 7 
et As a rule, in such i 
present together, and the amounts of these element tor All materia were lrawn t wire a 7 
t olid solutior hould preferably be determined imete about 08 mm, and the analvses 
eparatel The fact that their nternal frictior these final shape we 
peaks appear at differey a 
20 C in pure iron) ne 
elective determinatior 
that the peaks are na .s 
with one another, and f . 
from carbon on the be 4 
induced diffusion, and 
Fast,. however, in the 
nitrogen peak gets wid 7 
temperature nearer the 
prospects for selective 
(The carbon peak wa : 
manganese.) But 
| that manganese broadens the nitrogen peak is con- G 
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AGING 


Fig 3—Internal friction peak values vs. aging time tor steel C 
nitrided 
Heat treatment 
1—Furnace « led from 90°C, aged at room temperatare 
*—Nermalized from (aged at room te mprratere 
Normalized from 90°C, aged at + | 
Water quenched from set aced at room temperature 
Vater quenched from aged at +7 
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Fig 4—Internal friction peak values vs aging time for steel C 

Heat treatment 

Furnace cooled from aged at room temperature 

Peak temperature «+ 

Normalized from 950° aged at re temperature 
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temperature 
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temperature «+ 


rnal rl i t ( Water quenched from «804 aged at reem temperature 
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juenching was rried ro 80°C i AGING TIME 
tead of from 680°C Fig 6—Internal friction peak values vs aging time tor steel B 
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Normalized from aged at room temperature Peak 
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@ MAX var 
nA 
‘ 2.010 \ 
002 
Q 
An 
2.008 
é 
arg 
f 
x 
omme lr tv duri wing were carried out or 
teels B, C, and D (see Table I), and also on steel vax 
ifter decarburizing and nitridir (in the wa 
0.004 
lescribed above) to a nitrogen content of 0.022 pect 2 
reported by chemical analy 
rhree different heat treatments we plied 
A 7 
furnace coolir from 950 C (10 min at temper! 0.002 . 
ture), 2—normalizing from 950°C (10 min at tem- - i 
| 
of this some oxidatior 
Furnace coolir toe \ 
100 C. On normalizing, the time for coolin na above re its in a lower degree of ipersat iim ~ 
from 950° to room temperature was about 10 mur than water quenchil In spite of th the time for = 
In treatment 3 a lead pot was used the a ! proce to become half complete almost cS 
Internal friction was measured after aging for 0 the same as for the wate juenched specimen. Th a 
9, and 27 days at ature, and 1 n ead be explained by the possibility of nu o 
me cases after additional aging for 2 hr, 1, 3, and cleation at temperature omewhat higher thar 
id at 75 C. Examples of curves obtained are oom temperature during air coolir Furnace cool- - 
hown in F 2. InF 3 to 6 the internal frictior ng definitely ve a high 43 
peak value ire plotted against agir time All r water quenchit afte ae 
liagrams are corrected for background dampir jyuently, even this treatme : 
(0.002) tion to some extent. All pe a 
Fi 3 for steel C, nitrided, shows the usual ay Aging in the same stee cn 
pearance of an aging process with Q lecreasing chemical composition 1 a 
within 27 days to verv low value If the agin enchir and normalizing ve almost the same i 
Steel Mn Pr 
0.09 004 228 ) 0221 2 2 29 20.000 
0018 oF 2 221 0207 27 12 400 
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t t 40 ma ed state ve fine pre pitate milar t 
t while turt could be jistinguished, | ‘ Furnace 
t 24 the rie ‘ t esulted u needle haped precipitate 
4 fed rrie*? ‘ i <<) tu kind The 
that en the wiite le have three distinct a ect 
t st highe ‘ rn un and a metime a little wavy the 
t t ( rnd the one ire sparse ina er 

‘ etweu and be na y without anv d ernible habit 

4S thee t? ‘ t bee OX elat nahi In the me hh hood of the atter kind 
het ! the needle f the former seem to have disappeared 

+} ten mpared t } te needle probably are the Fe-N rte 

{ n. It might be that the mediate phase” of Dijkstra,’ the longer ones 1 iy be 
{ the px entane fa Fe 
‘ not The imme materia tee! C) wit! con 
t thie nd not N ri ive finely lispe ed precipitate 
eithin the ut omew hat esemt ' DU 
how Ver few carbide particlk could be «ae 

: t wate enct ma cementite partici ! in boundary corne 

‘ t t tw ila te n the tet te ! may be cementite thes 
vould be ind i blackened alkaline sodium picrate etc? 
t ‘ niv nit er Steel B wat puenched howed only pure 
‘ t nd st ! th fe te Norma t ive me cementite 
‘ hoor nm bound rm furnace ‘ caused 
ante that the no! thy ementite ticle et coarse ind decrease 
ted. ha mn numbe but change the fe te could be 
ther higt In steel D, after wate renchit ome fine cen 
entite t ‘ t in boundary corne could be 
‘ ed nd conse Victinguished. In the 1 malized specimen pearlite 
t both in the t nd cementite were \ ble: the ferrite eemed to be 
hed state ¢ { jotted by a ve fine precipitate ometimes with a 
j tier The e<emblance of veimur Furnace coolir ave a few 
‘ f t t indary corne ind the precipitate howr 
‘ are ‘ which 1 milar t that of F 8 The rnalle 
her na need howeve were smaller and fewe than t! ‘ 
' the corresponding one n Fig. 8 
Microscopic Studies Summary 
«te< nternal friction mett 1 of determinir Ca 
Il har nd nit en it j ition ir il 
‘ is e<ence of impuriti¢ ich as Manganese and per- 
tt tely hed afte hat pt changed the af the n- 
Try the ternal frictron curve for en ar 1 broadened 
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Technical Note Twinning in Silicon 


(a) Elevation 


(b) Plan View at QQ 


Fig. 1—Plan and elevation of etched silicon ingot 


W.C. Ellis and R. C. Treuting: Trans. AIME 
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the irve n be ft idened somewhat Aging of | fu the To this end the help of Gunnar ; 
irves alte ite yuenchit maiizing, and ful Cvraeu appreciated 
nace co are giver The fixat mn of nitrogen Dv 
meat iminun iustrated, and further the 
> 
nclinatior f nit en t lav uw ipersaturated L. J. Dijkstra: 7 185, p. 252 os 
. ‘ i tion. ever t ithe ow ites of cool JOURNAL OF METALS i 
trie teels is shown A. Wert 
‘4 
Be AKktiebo!l for rmis on to publ +} 
esu The encouraging interest of Bo Kalling Tr AIME (1948) 176, p 448; 
Direct f Research, is appreciated. Finally thank TECHNOLOGY (June 194 
ive due to Axel Hultgren of the Royal Institute of J. K. Stanley: 7 AIME (1949) 185, p. 752 
vy, st Khor vhere much of the experi- JourRNAL oF MeTALS (October 1949 
iw mn and othe have already shown, trom 
a eometrical view twinni n the diamond 
ructure may be cor fered as a reflection acro ‘ 
(iii) plane as a reflection acro a (112) plane 
An analy by Ellis and Treuting howed that tt P J 
. 
twonnir ne t be the ( ) plane but that 0 
\ pla mu pi N 
i twin might have lateral boundaries along (112) off. 
plane Earher Slawson and El had shown that M aS "ie 4 7 
only (111) twinni was present in diamond and K 
Since ar neot of cor law liam and | ! Hj Figs 
lor prepared from Dupont on to which 0.2 pet 4 D 
Be had been added was ava ble t Was examined j > me ¢ 
{ twinnit The ingot had been cooled owls 
from the bottom. A section 1/16 in. thick was ground 
off from the bottom and then the ingot wa ced 
vertically through the cent Snectrographic anals \ 
ndicated only taint trace ot on and iver B (131 
iddition to the bervlliun A. 
i rit ampic Wa ned W a ho OLuUtION 
f 10 pet NaOH in water and photographed. Back- f 
eflection Laue patterns were made of the vertical < - 
ind horizontal sections in the regior lesignated it Q Sur ; 
k 1. Orientations were obtained for each twir b : e 
ising the Greninger technique Several regions of Ps f 
the same onentation were found; thus regior i and . 
K were identica milarly N and P, and C, G, J, and 7 
Known the ingle between the trace the 
twinning plane on the irface and the pecimet 
ix the indices of the twinning plane were deduced "aaa 
(111) lateral boundarse however, were found 
which were (112) such as the one indicated in Fig es a 
l Therefore, as in thy f 
manium’® only (111) 
We wish to thank er. 
i vell as {it ts met 
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Tensile Properties of Wrought Austenitic Manganese Steel 


In the Temperature Range from + 100° to — 196°C 


Wrought Hadfield steel was tested in axial tension at from 100° to 
196°C, to determine flow and fracture stresses as well as conventional 
properties Ductility and related properties, such as fracture stress, de 
creased continuously with temperature. Peculiarities during straining indi 
cated possible martensite formation or mechanical twinning 


The |: 


ometer spec me hes 


Microtormer recorder chart load-diameter of tensile 
test conducted at 91 C 
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‘ 
| 
vas commercial hot rolled in. diam rod of electri 
\ furnace steel. Hadle analy was as follows: ¢ 
4 t Nr i211: P. 0.060. S, 0.012: S 0.120: N 
Phese ) and Cr, 
pecimens, 6 in. long were cut from a 
4 t t trie 
| | 
t ‘ ‘ | | 
the | ~ \ 
' 5 \ 
ai 
k hard pd 
« 
‘ \ 
bene f H na 
\ } 
{ 
EPREN uf ifendent Manganese ee | 
| 
Disc TP 3238€ may be sent. 2 copies, 
AIME by Ag Manuscript. Sept 3 }) revision De | 
New York Meeting February 1952 | 
This po totath by H C Doepker submitted a9 
part of th + he dear Master 
Ss » Met Engin ng to the University Penney! 
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egrees Centigrade 


Fig 2—Variation of true strength properties and hardness of 
wrought austenitic manganese steel with temperature 


is approached. The extent 
re observed in the 
Fig. 1. An audible 


na Deen 


vorked 
pecial treatment 
given in mount t pecimens, except that all 
grinding was wet an i was taken to keep the 


pecimens followed the 


ized 
examinat d Soreico direct 
eter Was used wit a molybdenun 
ibe operated at na. A 0.0005 in. zire 
was placed before veiger tube and 
ampliticat “ i on the reco 
contrast between back 
peak Diffraction curv were 
to 
liamond pyramid hardne 
pecimet 


eda thre 


with the 10.25 bjyective 


Test Results 
The lost not 1 bsery 


plastic il in tral Fig 3-—-Variation of enginecring tensile properties of wrought 
chart an | é reaking austenitic manganese steel with temperature 
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The resultant gran ew 4 » ASTM 
The heat-treated t efull ind to ter Teme : 
f in. gage length and 0.250 in. dia \ # ; 
7 grinding Was wet and the cuts were light ° 
Tensile test were i at the terme | , 
i ising the Neat mediul na ted 
: 
d 100 boiling wat 
~ om temperature 
suUtomatical t ed temperature e 
3 
100 ¢ ame as at ‘ -3 e |: 
‘4 
150 C ame as abov 4 
196 C liquid nit en in Dewar flash 
4 
All tensile tests were conducted with a hea 
moveme! mur ihe method of 
ating head movement, maintenance of testi fe ‘ 
temperature, axial loading with chain supports, and “1 an 
4 
ntinuousl ret jing the llamete photograpt! > 
cally have been previously described. Two method : 
| 
f measuring the diamete f the specimen continu 
islv during testing were employed. The first wa | 
based on photograph wedure The second mean | 
200. 
mounted to actuate maicroforme which elec- Test Temperoture 
trical connected t 1 diameter in place otf >. 
osshead motor n the ree ter chart of the ter 
machine The unit was calibrated in the 
medium against a irate test ba t i on these mi n st 
f th i 
temperature diameter The knife edges were tra ter ‘ ic ch 
ersed along the gage section t ecord minimun companied these st 2 
liameter for the applied load and could be main jumps. As _: previously reported, there wa Na 
tained in this }{ tion during testing The latte no necking of the tensile specimen at fracture and a 
method greatly simplified illations and eliminated the reduction of diamete iniform tt it 
the tedious Measurement of picture The accuraci the e leneth to within 0.001 to 0.002 i - 
ft the two methods were comparabie to the nearest 
0001 in., when compared with micrometer diametet | re 
Ultimate Strength (Mes 4, Org eres 
measured before and after testing the ba! | 
| @ vee eng offeet 
One tensile break of each test temperature Wa 6a ger @ ince 
examined microscopically The pecimens were @ % Redver oe 
mounted longitudinally in Bakelite to obtain both 
, 
20} 
ample ol Etching of the 
procedure of Avery and Da \ 
\ 
X-ras « 100} 
: 
ading 4 
target 
max- > 
@ 
6a 
ee” 2 
« Ki 
assured 
= 
ition during tensile 2 ‘ ‘ 
tect not nif the fees 7 Degree entigrade 
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Fig 4 True stress stramn 

tensile curves of wrought 

austenitic manganese steel 
at various temperatures 


of Tests on Wrought Austenitic Mang 


anese Steel at Various Temperatures 


Table | Results 


itimate Vet Tensile Break 
strength tlengation Koom 
Temperatere 


pe im tte 
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Natur 
‘ tremendously plot of 
cture tre n ta 
ti ‘ i al 
t! cro ectional area, (Fig. 3) snow 
e with decrea ne tempe itured 
‘ ‘ i i ‘ 
rit t to 136.000 
q from 150.000 psi at room temperatur l 
| an Hadtiela na colleaput pre 
, timat treneth at both lqu 
found the u ite eth 
tor pel j 
+} the room temperature re gtn 
| ductilitv—natural strain, fe 
Three measure ot 
tion of percent elongation in iu al 
ith decreasing temperature, Fig 
I i rm ¢ ation TOLLOW aign 
j fron pet at 23 C t 4 pet a 
Th f eductiotr f area and natural 
me with decreasing 
| Vickers 
prutke 
vir 
st eth 
Practure Nataral 
; 
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Nefura 


Fig 5—Logarithmic flow stress curves of tensile tests at var: 
ous temperatures 


pulled 


on with de 


ence of 
Tessie Frecture, -196°C 
e 
si at Tensile Frecture, 110°C ‘ 
bd at Tensile Fracture, 23 
7 
\ 
neortee Specimen j 


$2 
Velves m Degrees 


Fig 6—X-ray diffraction curves of fractures of tensile tests taken at various temperatures traced trom spectrometer charts 
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It is noted that hardness increase 10 pour 
DPH due t iw king were found on the 
mips ire ne! A ce east arame ‘ 
the f ture observed with failing temperature 
the hart euse i eld stre th \t 196 C the — 
‘ > | 
hardr ncrease due to « i working wa ! 40) 2 | | 
train data. Smooth curves were the result of select e | and ws oe" ae i 
ng mid points of the sharp load drops shown in F 
rhe first plot, F 4, u arithmetic coordinate “4 
ture may be attributed to measuring technique nee * mt 
egior The graph st the lecreast sc 
jecrease in natura train. and a 
garithmic plot, F f true stre natural stra | “ 
ening exponent. The irves do not f Ww a straight mum! Strain (in 
tenden the pe t with droy 
in temperature 
, 
Fig. ¢ i serie f trace of X-ray diffractior pe 
i pied from the om der of a Gelge tube pectre intensity of the (111) and (311) peaks a the tem- qi 
ete The ve tica i uate iT ter ty ne per it ite ar d the ce mre ot ha che ning increase 
! pward, and a ve hould have the imme The (200) and (220) peaks do not change in a = 
Dist ne, but the have beer pread it ik Clarit noticeable a manner. The second factor is the broad- eo 
The tests covered 24 angles of 5 to 80. but the ening of the peaks with increasing temperature a 
ectior nown conta 1 rece ied intensity peak Fig. 7 is a micrograph of a section near the tensile + 
Usir ittice parameter of 4 fe ror the break of a bar tested at room temperature and Fig. 8 : 
fou peaks ¢ espond t (111), (200), (311), and was taken near the break of a tensile bar HH at a 
(220) nes f face-centered cubic structure 196 C. The decrease u iin elor —s ; 
Phere 
ee! 
2 22 a 30 
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ind. The tl the mu ipl ind 8) 
nerease in hardne f the ba illed at 196 C 
t eth with murne t Kil Pig ) 
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‘ etwear t then the duct 
Fig Tensile break of specimen t tr i t t 196 
30 tee! pull With deere ng temperature there idua 
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Silicon -Oxygen Equilibrium in Liquid Iron 


ributed 


enu quid by these auth o the lack of equilibrium and the 


t t my iti ! i metal and ag, and are i 


flicrent of Korber and Oelsen’ investigated the relation be- 


ween dl olved oxveen and nm iiquid iron 


Vary- 


feoxidation 


é ‘ ga 
iy ed xveer ait t n hquid iron and the product obtained by their methe catter consid 
‘ t ire expressed in tern of a deoxidation erably, and their chosen average value { 1.34x10 
luct. F or ind convenience in com- 6x10 and 10.6x10) at 1590 1600 and 1650 C 
f th mut hed inf matior the deoxida- espectively epresent the best expe nental result 


Darken 


which 


yuilibrium 


incomplet 


the deoxidation “constants” calculated! McCanet 
Feild, Schenck ind Chipman were f the orae of ind irregular and confined to a few unsatisfactory iM 
10 vhict below the expe mental value t i preliminary sample Their results did indeed indi- ~ 
cate that the activil con of oxvgen 1 de- * 
they 
technique em} ed in the nvestigation was ¢ ie olved in the melt S 
nd the reported temperature was quite uncertain aft investigated the reaction of ay 
The concentration of silicon wa obtained by ik acid slags under an atmosphere of ah 
tractiz con in the inclusions from the to Sines argon. making careful determinations of iheon and 
it least some f the inclusior resulting from chi oxvgen contents at several temperature Despite e 
ing must represent a fraction of the ilicon in solu- erroneous interpretation of the data at very low sili- Ke 
‘ con concentratior their data represent the most de- Sh 

ha 

24x10 

N A. GOKCEN. formerly Research Associate Dept of Metal 
lurgy, Massachusetts Institute of Technology, is now Associate Pro tudyv the equilit im represented by eq 1 as well a 7. 
fessor of Metallurgy, Michigan College of Mining and Technology the following reactions, all in the presence of olid 

Houghton, Mich, and J. CHIPMAN Member AIME, is Professor 

ilica 
t of Metal M husetts Instit of Technol am 
Dept. o etallurgy, Massachusetts Institute echnology, C SiO. (s) °H ig) Si °HO (x) 
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Discussion on this paper, TP 3243C, may be sent 2 copies, to HO 
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Meeting, February 1952 H 
This paper represents part of o thesis by Nevzat A Gokcen sub ‘HO 
mitted in partial fulfillment of the requirements for the degree ot H. (2g) O HO (g):K ) [3] 
Doctor of Science to Massachusetts Institute of Technology 
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ome the most common! ised deoxidizet Bruggemann obtained 1.76x10 at 1600 C. The dis- 
and at tant alloving element teelimak crepanck and nvolved in the acid open- 
ing: hence a det ed study of U element in liquid hearth plant data as compared with the results of : 
iron contaiming f cor jerable int t ! er ‘ t t ‘ vere att 
iron has been studied by a numbet {wu : 
but generally with inconclusive or incon ¥ 
‘its. The variation of the activity coc 
con and OXY cer: Wi 
— 
expressed in terms of the percentage by weight of plant data from a steel bath agree approximately | 1 
con and oxvgen in the melt in equilibrium with with their data at 1575 to 1625 C ‘. 
lid silica Zaptte and Sin nvestigated the reaction of HO ; 
K oO) and H. with hquid iron containing than 1 pet Si 
and obtained deoxidation product Varving by a 
factor of more than 20 madequat t 
Theoretical attempts to cak jlate the deoxidation OTS & Inadequate gas-metal contact 
ind li of stu wint met he 
constant for silicon in liquid tron from the free ene and tack oF img i etal bath sh uld require a 
F one period of time than the 1 to 5.5 hr a 
gies of Various reaction yielded results which were 
mental ea Ti they allowed for the attainment of 
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~ it ss flow ind then 
~ 
J U Out ed tt h a U-tube 
rt C the wate al nm the 
‘ 
tube ed t le a vt 
24 2 in. ID 125 in. OD was found 
‘ thy tube with clamy and a cone 
nreheater tube. H. which led the 
J ‘ Ho extis mn alundum disk which w in tur? 
t tit m ported on an alundum tube 0.5 in. ID and a stain- 
‘ ent. The , toe] tube t nyu th h the brass bottom. The 
t t « between the suid metal nd the preheat 
or 4 ted t ment of a one gasket and a 
nductive heatit ‘ btained from al 
nad a fre mney f about 200 t 250 
‘ Efficient and ntinu is termpe iture cor 
j ed f btained Va no the nductance the 
j the termperature va bserved t constant f 
‘ , hr or more without any adjustment 
' Ihe t ! ind ad tment of power tl ighout the ex- 
tut with ¢ holes ti ih 
j he niected t iench the melt 
bye eheater The eheate tubs made of ve 
‘ O68 ID. lu OD. and 14 in or 
t t The tube w eceived in the called prefired stat 
, ‘ —— ad at 1250 C) and tapped to 11 threads to the 
‘ ler +} ir afte yhict twa haped 
, t ! ort the jiation shields and to fit on the gla 
‘ oct ff 1 Subse wntiv it was fired at 1780 C anda hara 
ie erties W btained. A ¢ of platinun 
4 ¢ rhad ry ‘ lian S. 11 thre 
‘ ( te the ime nd 10.5 lor Wi crewed into pe 
fier the thre i The « A heated with a Vari- 
t ! 4 ‘ ble t f mit t the te ed temperature is of 
‘ oat the 1 mote on the preheate 
‘ Thy ‘ taker ¢ iwh two sma hole 
¥ Senn ) ay n The preheate 
‘ at ) ‘ ] te t ave 1 exce 
thy ( at nat na ibsequent | ire of the pre 
rt { eate wire nder very low it of wate i} 
‘ ‘ were i? ou ‘ It Wa 
‘ ‘ ¢ ‘ 4 i t | it 
the ome te 100° fit at 
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= 
re: In a mixture con- » 
d vradient tends t oduce a ¢ esponding mt 
tion gradient. TI thermal diffu n can produce i 
‘ 
= 
f 
il ai le every t mea ait ait >f 
jopted. Dastur and Chipman have shown that the 
in be minimized mixture f a hea > 
: 
the tempe iture of the meta purified 
a n was added to the gas mixture in the apy Xi- = i 
2 
mate ratio 4:1, the rate f flow of argon and hyd en —= : 
bei espectively 1100 and 260 ml per min. The * : 
tems ature f the preheat wire Was adjusted to 7 
the ame t nine i the meta except in certain + > 7 
i! where i medium preheat about 60 lowe! 
is emploved to 1 ng the life f the wire \ , 5 
furthe idvantage n diluting the hydrogen witl 
i ‘ n the production of sound ingots free - 
f the por tv often found when meitu ince 
hvd er 
tvpe optical | mete hted on the clear irface . 
r 
| id or Optica eading were calibrated 
e 
against the true temperatures measured with thern 
iple by a technique bed elsewhere in de- 
inaflected by the addition of con up to 134.6 pet 4 
provided no oxide scum formed on the bath. Optical the preheat The flow rates of hydrogen and argon ne 
eadit vere duplicated within *2 ¢ and the were adjusted to 260 and 1100 ml per min, respec 
erall accuracy is estimated as +4 C. The calibra tively, and the furnace was flushed for a minimun ' 
j 
tion Wa checked frequentiv against the melting period of 2 hr, while the purification trai were be- i ce. 
point of electrolytic n and against platinum- ng heated and the temperature of the thermostat s 
lium thermocouple udjusted. Simultaneously the preheater was brought 
i trical Silieor na ‘ vere made to the desired temperature at a very ate te 
by the tandard gravimetric method in the Inge avoid exce ve therma hock Then the gas out | : 
i. 
above 0.08 pet with an accuracy of about *1 pet of lets from the furnace were closed to test the pre ¥ 
the amount present. Below 0.10 pet Si a colorimetri ence of any possible leakage. Observation of the +e) 
method was used with a reproducibility of * 0.002 t manometer and flowmete yuickly indicated whether 
*0.003 pet in the reported silicon contents. A higher or not any leaks were present in the system, Occa 
degree of precision would have been desirable, espe- ionally the apparatus wa ealed after admitting : 
cla n melts containing less than 0.010 pet, but hydrogen at a pressure of 120 mm mercury, aftet S 
efforts to improve the precision of the method were vhich any drop in pressure within 6 to 8 hr ind 
iT Icce fu cated the presence of a slow leak pt 
Insoluble licon was also dete’ eithe: After the apparatus was ready, the induction unit 3 
method and found to be of the order of pct o was turned on and the metal was brouc i. - * 
le n the satisfactorily quenched equilibrium heat ired temperature, usually within | min  i___7! w, 
‘ 
Oxveen analvse were made bv the vacuum-fusion 0 of heon. Repeated test howed that the hcon . 
method with an apt itus used in th laboratory ecovery in the melt was 99 pct or better from 0.1 pet te 
fo ver 12 vea It has been carefully calibrated ip to 20 pet Si. The temperature of the melt wa ie 
and checked by exchange of ample with variou observed and cont led frequently by changing the == 
laboratori Results reported herein are the mean inductance of the circuit, and in the iccessful heat ae 
f two cone lant determinatior \ large number it did not fluctuate more than *4 C. Temperature i 
of sample including those of lowest oxvgen con- control was of utmost importance due to the strong 4 
tent were analvzed by Gokcer ising a pe bile temperature dependence of the Si-O equilibriun we 
precautior toa Ire pre on. Re lifts were repre The ittainment f equilibrium between a gas of 
ducible to within about Hiiimpct known composition, silica, and liquid metal require . 
a period of 8 to 15 hr or more depending upon the : 
Electrolytic Vv was weighed reached from b 
and charged, usual with an initial percentage of the hemammmmprre | 
silicon in the form of 99.83 pct pure ilicon or it ary as judged f 
allovs made under hydrogen in silica crucibles. The Experimenta 
total weight of the charge was 35 g. held in thin- con betweer 
walled crucibles made from fused silica tubing. The 4.4 pct as follow 
cnarge wa place 1 at a fixed distance of 5 mm fron In the ilicon 
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| to tl ed i! as ble 
thie The nge of licon betwee 441 pet 
ed the follownm lifficults n the experimenta 
{ ‘ i ‘ ] The preheat« failure was frequent 
‘ 
Coveral heat ¢ 110 pet Si conter 
, e rejected f th eason. 2 The ite of change 
ntent unde tr phere f HOVH 
t 1 ert wit? 40 t 
\ft | + 1600 C comt 
i ‘ 17.60 pet. Ace jinglv heat 140 was charged 
. teat th 1 16 pet S With 99 pet re ‘ of cor 
no Mate Pet 
" 0 tl heat initia contained 15.01 petotu element 
\ft 136 1 at the ame tempe ture the cor 
ntent remaimed the ame ndicat that the equ 
t ! neentration Wa btained. Determination 
ead cect heats ol ir t ‘ 
; At the end of an expr mental heat. the melt wi 
vered yUICKIYS ind yuenched (a few were 
fur? ea) The ot were ound ana 
herent t the icible A\fte a 
. thin skin of metal by grindau the ingots were cut 
ertica idial segment for the chemical and 
|| ot 1600 C 4O/H 233 
4 4 gq Technique Heat 4 to 6 were furnace 
si Pet 
i ed fron HOO ¢ ind freezu equired 16 to 20 
Heat S We (hareed 
ec. Th vas cor ie ito be tor ng to be certalu 
f retainmme the eq t nceentrations of 
2 ‘4 ‘ therefore deve ped. The t t attempt to quenc! 
tre 1 on Wa te tu} cate the vule -quenc! 
: : nw method described by Zapffe and sin These 
: t pped the meit firectls na tank f 
te vitt it t face vwtin a i para- 
Tot Heats 
With this technique tw extreme 
1600 233 
cult t btain ingot f regula hape and Tree f 
i; <i Pet Th ‘ i 
on heat +} na ih to ana P 
3 Heat Me harged hed hea ha ere ind 
ty wre shown in the t fou rit f Table L It ‘ 
i: iont that there no « elation between the pt 
entage of oxygen and the itio HO/H.. Moreove 
re the pecime! are n oxveer 
shan corresponding properly suenched melts, and it 
Table IV Reaction Rate Heats at 160°C HO/H 182 
. ' ait hare ve tr 
2 4 
4 ‘ 2 
29 22 


Fig 3 above 
Reaction rate ot 
1600 C 
HO H 

00182 


Fig 4 ‘right 

Transter of oxy 

gen trom metal 
to gos 
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ii 


a and liquid 
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the li 


concentration 


NOWT 


in col. 3 of 
imratioH O/H 
constant of eq 3 


260 ml of hydrogen 
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Vapor content 
ven removed 
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f \ imed that 
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‘ lent that x<vgen has been al bed f m the . 
ery pe is and contained 1.0 pet C 
ighlv proportional to the H_O/H. ratio and 
¢ The n tisfact nd convenient method of 
Hydrogen w ed in most of th work directly fe 
from the with controlled amount of 
water Vay rhe experiment procedure cor ted ey 
kK } it a pre ire f ist 204 4 
ist below the uppe et hole TI operation re y = 
iired about 1 sec with the a tance of anothe : 
pe n at tl moment. It was an important pre i 
caution to flusi the connectior between the 
nva ven cviinae and the quenching tube bef ‘ 
proceeding with tl peration. Helium used in tw . ae 
eat lid not ch the imple quite a apidly a SY 7 
hvd en, and Was cor lerably more expensive hou if the chang composition even mode ee 
Re ts shown in Tabie I indicate that dry and wet itel e. Th n sharp contrast to the result a 
nya en produced similiar and re fucibie result obtained in inert crucible where 15 to 30 min wa : 
ry technique Wi ised 1 all heats beginnu adequate. The difference li n the fact that here ‘ 
vith N 28. The time equired f freezi fre the oxvgen transfe ed acre the metal-gas inte a 
1600) was 4 to 6 sec compared to 20 see for furnace face not simply that a ated with the change in 7 
cooling oxveen concentration but u ides also that result- a 
fit Vus not ificient the estal hment Ing equiilt im from the OW ide it Wa 
f equilit im. These heats were all made under a found that the product Si] | O}] was esser vi 
is nstant H O/H itio of 0.0233 + 0.0002 tially independent of tume. This indicates that equi- 
Phe te f change i cor neentration wa ibrium is maintained between solid i a 
mallest in heat 4 and ». bracketir the equl- metal and hence that the overall rate 1 a 
t in con concentrat and showing that a by othe eactior presumat those at quid- 
or tM od of time thar n A equired to reach iii irtuce The total amount of oxvgen transferred * 
eq t n Ace ii heat n Table II] were from metal to gas is readily obtained from the a 
miude Vitl one periods of time ind under the change n composition and the total Mma of metal fe 
ame HO/H it Furthe ‘ closely agreen ) The number of millrmols of oxvgen transferred 
con value vere btained when the equilit in from metal to gas, beginning with the first sample re 
Wa ; ched from both directior a hown by hown in col. 2 of Table \ cs 
heats 49 and 50 The capacity of the gas for removal of oxygen 1 a 
These heats were made in crucibles of 0.875 in. ID determined by its hydrogen content and by the dif = 
and 2.0 in. high, contain 45 u of juid metal. The ference in H.O/H. ratio for the incoming gas and that if 
face exposed by the metal was considered to be which would be in equilibrium with the metal bath ay 
t ma equiring exct ely long periods of time The latter depends upon the activity of oxygen in a 
f the attainment f equilll im even in the case the meta which ts not the same as its i a! es 
f initia con content not far from the equilibriun on account of the effect of con. It will be — : 
it Anothe eri {f rate tude was made with late that silicon decrease the activity coefficient of 
icible f 1.0¢ n. ID and 1.13 in. high, permitting oxygen in the manne immarized by Fig. 6. Thi . 
i pet large irface area exposed to gases and cor curve 1 ised to compute the activit ot . en in 
tainin » g of liquid iron. These heats were made each sample, and the results are ] 
inder a HO/H., ratio of 1.82x10° and consisted of Table V. The corre 
1—the first seri tarting with pure iron, and 2 calculated from the equilibrium *. 
the second series containing an initial charge of 1 pet (K 95) listed in col. 4 as 
Si. Table IV gives the experimental results obtained The rate of flow of the gas was i -i-_ 7 _ 7 =: 
nder constant conditior of temperature and ga re min, corrected to standard conditior FP 
mposition. The charge was brought to 1600 C 696 millimols per hr, and its water : 
within 40 se« n order to eliminate large relative was 12.7 millimols. Each atom of 7 ; 
erro nm time In the ft t four heats the preheatet from the bath cor imes one molecule 
vas maintained at about 1600 C;: in all others tt one of HO. In the limiting case, this proce es - “<i 
vas reduced to about 1400 C, in order to prolongs tinue until the equilibrium ratio reached, and the 7 
the life f the preheate wire total numbe of mol which the gas can absorb 1} ? 
The te dat e showr pt yinF s. It called its oxygen capacity. The oxygen capacity of : 
hr i ww 
ill heats were a 
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F cl ! ate that na the expe rrie ta 
! t¢ igh to keep pace with U « at the met ‘ 
( ! 1 to estat h the equ 
t ed in Tat V1. The data are useful as a . 
ont vt h ea was ‘ ely ap- 
ched 
The on th heat which ned vers 
test i+ Pt ached eq t in ‘ mma ed i 
‘ 
‘ ‘ I e Vil. Tw ert esu ‘ ed 
i, increasi! cor arent In ti ‘ 
‘ ‘ the preheater Wa neia ne is 
Tem 
7 o o pera 
et ale ture 
' «fore tant 2 2 4 4 
‘ he t f ‘ 49 2 
P nceentratior nd 
ret 
teats Analysed Pet Tire. Me ste ste 
Ser 
‘ 
‘ 
‘ 24 
Series 
’ 
274 
‘ ; 4 
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Thermodynamic Calculations, 1600°C 
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Fig 6—Ettect of silicon on OQ; at 1600 C 


at 1600 C 


on right shows activity coefficient of silicon 
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mol 
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Table VIII. Heats in Which a Slag Was Formed at 1600°C 


Si. Pet 
Heat No Charged Analveed now 


With Fall Preheat 


With Leow Preheat 
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‘ ‘ ¢ ent Certau ther? 
ivnar juantitie lerived from the data ea 
tabulated. Results at othe temperatures w be X 
Seve he were made i ga j ‘ 
th A j enta lestruct the « icible Fact 
Table VIII show nditior riche whict ag 
rhe et ‘ content of these heat 
net but ti not cor lered Te ite 
The dat f Tables VII and VIII are plotted u 
he me f the equilit ne agree with 
the value of K 95 reported by Dastur and C1 
man D tions be v about 0.04 pet O are re nd 
ing HO/H tio is 0.35 corresponding te the oxyger : 
‘ > 
mit 0.088 pet wes 
letirit ( m the early 
vort f Fontar and Chipman’ and of Chipman anda ind its oxveen activity equal to its concentratior ‘ 
San that in the bir olut of oxvuer 0.088 pet (Fu Unde a pure iron onide av the 
rn the etivit f oxveer proportion to its cor OX er olubility 0.225 pet Hence the activity - 
centratior rh the bi f ettu the activity { FeO in the lica-saturated a 0 088/0.225 2 
oeficient f n the bina lution equal to units 0.39 
the tios let f rhe effect of oxygen upon the 
wtivity coefficient related to the effect 
H (2) oO HOitg). K f silicon upon that of oxygen through an equation 
J v jcrived by Wagne He t hown that in a very a 
\ t} f ‘ ler- a te tion of components 2 and 3 in component 
thar ay the ce imn of ] is the concer ition ( na ipproach zero 
lable VIL Here values of f,, were obtained by divid a 
ne the tabu ted va oft kK by Q5 the ot 
os where the activitv coefficient and x, the Mal 
erved i ot 1600 ty i pl ‘ 
fraction. It can be shown also that the = 
the rithm of f.. against con concentratiot The a It ca ‘ i + 
the we lite different from the approximately valid when 2 l and a l 
ti ht line that was expected. Up to 0.5 pet Si it yEC ana Ww , won | 
percent and de nating by f.. the ratio a,,/| Si}. ce 
fitted bv the emr cal ¢ yuatior i rik 
this becorne 
le 0.12 Sil 0.38 | Sil 15 
le | Si] vlog t ad {7] 
where the yimbo cle eonate the cont butior og 
of con to the activity coefficient of oxvger 
. nd from eq 5 by differentiatior ° 
Le ty of FeO in Slag The metal under a ferrou if } : 
cate slag contains a negligible amount of heor A log f S 0.12 O19] Si | [8] 
— 
ble faite jue geing q 
4 
4 “7 2 < pe ft. 042? heat 
1 7 23 Sivg ppe ed after O87 hr 
126 : x12 PY aftes 
129 42 2 < od afte ‘ hr 
2 54 Slag neared afte 
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n 
Fig Logarithm of activity of 
benory ystem. Fe at Cc 
30 H > 
{ ) [11 
' H 
wi 
: shown in Table IX in which 4 
nst > isi! Vuiue 
} 
f nad mav be 
+} are } thy ix ale 
+) the sme method v of? for 
tem Fe-S ‘ htained also f th 
‘ or nad the data are 
: 
mma ed in Fig. & 
Table of and» at 1600 
lee The tratior mn meta 
the dat pt ove very wide ima 
av bye ‘ the cor analy 
t t ve cor where the xV- 
t na athe incertait 
Hence } i in} varue 
+ THOU ¢ nm the 
wert not the true equ brium constant 
} } 
she conactios rhe values f K and K. at 1600 
f x10 nd espectively, have been ac- 
: ted | rr ¢ 1 ?. and t evident that K 
nea kh jue ent elv to the ae 
Pet 
le ate 
Pet Time Mr 
Heat S t hareed Analveed 
' erate ‘ 
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of on the activity coefficient of oxygen 


Effect 
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Fig 11—Ettect of temperature on equilibrium 
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Fig. 12 — Isothermal section of ternary system Fe Si O at 
1600 C. Dotted lines show solubility lines at 1545 and 1650 C 
eul | immarized in 
XI 1545 and 
O.O8)x10° and (42 

tempt 
repre 
turation 


ituré 


are 
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! value 
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Table Xi. Computation of - at 1545 and 1650 C 
Heat No leg K log log log | 


Temperature 1545 


18.000/T 


2,250 + 14.50T 
[15] 


Temperature 
7050/T 


4 
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| 
: 
: 
tivity coefficients of oxvgen and s nd issed i 
+} htly with composition but the J 
experiment lata. especially those at mw cor 

nter no ifficiently accurate de 
tailed examination of tl juestior 7 

Phe ame uncertainty applies to the f wil J 

estimate of the con content of the meta nequ ae 

brium witl ‘lid and suid si In al : 
Cu ‘ ect rm the x en content wa found t bee ; ; 
O O88 pct If the duct K constant it 
8x10 , this « esponds to 0.0036 pet S The lowe ‘ 
trend noticeable n F 9 would indicate about 
. 
0.0024 pet. wt e the ems cal equatior it \ , / 
coefficient point to a shehtly higher value. Our best 5 
estimate is, therefore, 0 pct S: at 1600 

Expe 

n Table 

equilit 
from bot 
| 

reached 

The values of K. at these temperature 
to Dastur and Chipmar ire 5.10 and 15, respec . 

tively These and tabulated values of A, vield ‘ : 
activity coefficient oxveer m the ist columr 
These are plotted in Fig. 10 along with the curve fe cot 
1600 from Fig. 6. The curves are drawn by analogy ao 
with the 1600° results, and it is obvious that the 
data vield only crude values for f ' 42 

The effect of the activity coefficient of 

con was computed a fescribed for the lata at namely a a The | i 
1600 ising em cal expre OF which need not | | ire best obt ot 
be recorded here. The activity coefficient, of K’. which for the two temperatures are res—EEP]y © 

heon in the binary vstem Fe-Si wa a med to 1.02x10 ° and 5.5x10 i 
follow the curve established at 1600 (Fig. 8). Er- The effect of temperature on K,, K’, : 

. n these coefficients cannot seriously affect the how? raphically in Fig. 11 where log K : 
resultant values of K nee all values of f involved against reciprocal temperature The traight line ; 
SS correspond to the following equations for log K and 

for the free energy change in the reaction the cor- Me 
esponding values for K, are quoted from Dastur te 
ind Chipman 

SiO, (s) Si + 20; aF 146,500 56.37 

’ so m4 | 13] 
K a.,-a’,,; log K $2,.000/T 12.29 
107 4 ‘ 22 
9 : , SiO, (s) + 2H. (g) = Si + 2H.O (g) ; 
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Table Xi! Comparison of Results for Product 
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rane 1650 
K be ine 
‘ 
it it three tempt iture ire 
i iin Table XII 
Sv lquid iron at 1600 C 
ed HO/H at yuenched in hyd en, and 
114 
tes of oxidation and reduction wer tudied 
. ; _ experiment ting up to 16 hr at 1600 The rate 
joterminil f the ‘ the transfe of 
P fron a meta the eve whict 
the expe mental conadaitior was about 2U pet 
<a oMcient. Reactions at the meta ca interface are 
or ivh t keep pace vith those at the meta 
\ detailed study wa irried out at 1600) and uy 
SiO (ts) Ss 20) l 
SiO (s) 2H 2HO (2) {2 
na H (x2) HO (se) | 
i} hie te } the v know! } m constant of 
ted here. The bom the equilibrium data at 1545°, 1600", and 
are the activity ‘ cor ind the constant of 
vhiat tou ‘ ] nd 2 were obtained Wwe is the free ener- 
1 tte ‘ md heat ¢ tlect nm these react 
At 1600 the metal in equilibrium W th solid silica 
} tobalite) and yuid ig conta 0.088 pet O 
a nd about 0.003 pet ds The activity of FeO m the 
‘ hown it The concentration product | Oo} not 
\ t the « lata the activity coefficient e far from unity. Approx 
} in the mately compet hance n the coefficient re- 
; iit in a nearly constant } oduct and for practica 
t Hilt i 4 ft at ' pase t mav be cor jered constant in the range 
Si-O) re t t pet \ it of the product agree 
; ‘ t ted here f we with previous studies a hown in Table 
XU 
nd W n I Martin for caretu chemi 
nalvses and Henry A. Wriedt f i tance In many 
f the expe ment rT} work part of a study of 
the p? ‘ chemistry of steeiImakit por red by 
tt Office of Naval Researct inder Cont t N 
N 78/XVI 
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cold rolling on growth 
pottern of austenite im 
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Fig 1—Tempered mar 
tensite heated ') hr at 
1350 F. quenched, and 
tempered '> hr at 
600 F 
Dark etching structure 
tempered martensite 
“as austenite at time of 
quench pet Zephiran 
chloride picral etch 


Fig. 2—Tempered mar 


tensite cold rolled 50 

pet, then heot treated 

im the same manner as 
Fig | 
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Technical Note Growth of Austenite in Cold-Rolled Tempered Martensite Be 
on the prior structure Phe matrix 4 A 
ns of pe tic microstructure ire equiaxed, and ‘ 
tenit ixedad manne! these 
pri tructure Martensite and bainite, on the 
In the d ission of tt paper it was pointed out ‘ (> ' 
that old-re ed tempered martet te austenite 
me The esult of an expe met carried out to 
arrive at an unas tanding of th behavit ure - ‘ 2 A 
a 2 
Fig. 1 shows the acicular microstructure produced 
by heating tempered martensite to a temperature . 
within the Acl-Ac3 range, 1350 F. When tempered axe). we 
i then } ted to the me 
temperature, the equiaxed structure shown in Fig 
2 produced. A sample of cold-rolled tempered 
martensite heated at 1350 F ist long enough fe ~ 4 x al ' 
hown by F to have an equiaxed (recrystallized) 
fe te n structure. The small particles of au 
tenite which formed at 1350 F in the equiaxed : 
we Ked tempered marten ne a aGit 4 ry) es > - 
f the principle bed in the previous pape 1079 32 
for the vth pattern reflects the matr 
2 
2 
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) Dislocation Collision and the Yield Point of Iron 
‘ 
. 
SA 
t eld stre Fig of upon strom aging 
. ea +) he 1 } ty exist } 
t re elect tance data. There ‘ 
it 9 ment? thy ‘ ‘ 
wt na mmed sheet t i 6 pct in ter 
{ nt elor it eact f these i 
‘ bed by curve vhict etoa 
te ‘ t f elor tion that seen ndependent 
t ' f th f temperature, but at a rate that depends oF ten 
‘ t ‘ Vers tirm ead t a furthe eu 
eh eld-point atior ibove the plateau Value 
Howeve the later increase in vield-point elonga 
a tio nored and the of the time to reach halt 
' t ( i 
thie te i Vai at ‘ ar i ‘ ul «i 
he re ilt for which at wtivatior 
a Withi ete ecu ev of tt rt of expe ment th 
, , , sion of carbon in iron (20 keal per mol), and the 
} ‘ i ested the ‘ 
‘ The Cottre mechanism thus explall a quali- 
tative Manne the weurrence of a yield point 
nel it with tral ne It fa howeve 
: t ‘ me of the othe expe mental observa 
t that have been made of the yieldi behav 
bye rie ‘ ! inced wit! ncreasing il! 
‘ Anne d ngle crysta f iron have very 
eld t elongation f indeed they have 
ement P i point that the d ocat 
the ttice the arin ed mate inchorea 
' tor the difference in the behavi f 
t crvsta not explained 
That mn mechar m mav be entirely 
tent vill tt no Vie point nan neaieda 
© ¢ t A become apparent lat when dis 
: crated with Knolls t YT} ccentuatior f the vield 
Ar henectady nt phenomenor ‘ crvst ifter 
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ot an order of 
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approached in 
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some apparent sti le than 


went calculation of a mean free path 
only a tuation where interac- 

and anchored dislocations act i 

it to the theoretical 


dered as a collision 


given by eqs 2 and 3 are maximum 
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ir i not explained by the Denay ot 
ed d ‘ ‘ some hange ‘ = 
ccu fu ‘ ving proces Cordon 
Cottre } ecently extended } theory’ t how 
that a polvgor ea structure ne containing d ca LT) ~ : 
= a 
tioms img ibboundarte iid exXpiain ad +3 
cation interaction and account for a yield point it SS es 
ngle a These boundari ‘ d cations 
merely act as added barrie to dislocation migra- 
‘ 
jing t ttre ind the breaking of one 
these ba inae tre Clean in avalanche 
i tior ire present, and if thev become bette * 
ry the « eta ould b 
cloud, and for the kinetic energy of a s- 
Sapte 4 “cu tlor ind these esult “ be used 
me iture t 100 ome the mechar m fi d 
must ap} 
The to pull a dislocation free 
' 
ft its cloud of solute atoms at absolute zero ha oe 
Dislocation Interaction by Collision 
been estimated by Cottrell and Bilby’ and is given aps 
action based on chance collision between moving | 7, 
and anchored dislocatior will now be described [1] 
rt mechanism does not require the presence of ‘ 
polygonization boundaric and the enhancement of vhere the shear stre \, the inte - 
the yield point by strain aging can be explained a ng in shp direction; », the aca __—_ : 
popula i ocation cente to ft t OW carbon atom in its 
Furthermore, t} mechanism predicts that an an- - 
nealed ngie crystal Will not have a vield point 
atmosphere (2x10 and A 4/3 
A qualitative picture of a vielding proce I l ud * 
which an avalanche of dislocation released by ae 
collision would be as follow All dislocations are x10" dyne per sq em, @ constant in which G : 
}? rat 
listributed randomly through the iron crystal and the ity modulus, ; A 
} bove r ind r (1 «) are the atomic radu of os 
e anchored by cai concentrations of carbon atom 
as Cottrell } iggested. When the crvstal vent and solute ator espectively, and « he L 
tre ed in ter on, a disiocation breaks loose from volume tra nm the n la ‘ lute ‘ he inter +3, 
tit olute 
its carbon cloud because of some tre concentra- tla iu ee 
tion and accelerates rapidly to a high velocity. After Using the known lattice constants of iron and the ws 
ry if 
moving freely for several thousand unit slip di iverage elastic Constants of polycrystalline iron, thi 
tances (approximately 10° cm), it passes close t = , , {2 
dyne per sq cm 
inother dislocation (within a few atom distances) 
that anchored carbon aton Since the local Ay piving a temperature correction iggested by 
tre helds around each of these dislocations inter- Cottrell and Bilby, the shear stre to free a disloca 4 
act rather stror ¥ as they come near each other, the tion at room temperature would be ) 
econd disiocation will be Knocked free of it carbor ae. 
10 dvne per r 31 
cloud at the expense of part of the kinetic energy xt iyne per sq ¢1 [3] : 
wo disloca Th of course, a very large tres and much 
t motior vithout ner hed 
im appuce higher than 1 customarily measured for a yield 
tre and the opportunity exists for each of these thy t 
to “collide” and free othe Thus is envi i 
gone fa cataclysm and consequent forr 
i Luders band 
For such a proce © occur it apparer 7 
mean tree path between collisior must he a 
the crystal dimension In addition, the inte ‘ tre 1; ict - 
between an anchored and moving dislocation must ictual measurements. Stre 
be of a magnitude that will cause the anchored dis- irface defects harp fillet radii. nor 
location to be torn free. Finally, the necessary en- ng, precipitated impuritic and gra % 
ergy to tear a dislocation free must be obta ned at may each contribute to breaking ad Fi 
the expense of the momentum of the moving dis- of its solute cloud at ee v4 
location, hence the kinetic energy of the moving dis- the theoretical value 
iocation must be ifficient to carry t bevond the In the ibseq 
position of maximum interaction with the anchored between co : 
lislocation tion between n 
Fortunately, calculations have already been made illy attains a 
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eithe 1, f the d —e nce the d atior 4 
A 
ind ven by 
| 
| 
enctt tomic distance’ and R and R. are 
ere cu ted 
Under condition where 1, the 
tion to eq Kumite « init 
ann t? t trie ve ‘ il 1 ‘ 1 th eache 1 
nG tom distance where the eld stre 
I on det mit it the lowe eld stre ri the “ 
neighborhood of 100 to 1000 atom distance Sinc 
number of dislocations added by strain. As the strain 5 
+} listance ‘ than the mean free path ¢: 
o> increased, the d watior lensitv increase and 
culated in tl id fislocatior on mu 
the 1 n free path between dislocation collision 7 
each U ve cit bet ecu 
The pote eners whic fa mov 
aved crystal 
at must ove ry ct le cul or th 
The behavio f annealed iron 
oatimeted rend forces thee lirection. and 
pecial case. In these the mean free 
collisior f most grain ‘ the 
G | tself. The boundaries between grain 
} n { ) 
' ) | . vith recent concepts are made up « 
These dislocation are anchored 
nteraction ind by carbon at 
} ) mav be knocked free by other movil 
| n a manner analogous to the disloc 
within the lattice Annealed on po 
vill alwavs be expected to Nave 7 
atric? educe t the onditior ef the minimun 
carbon is present 
tent em namely wher hy te 
Critical Experiments 
(aA Ihe dea of the importance of disl 
} (0 156) 10 
> ) and the mean free path betweer disl 
elding behavior of tror iggests seve 
experiment 
k 162x10 « per unit length of d wat nfl If. for example, the manner n which 
the population of dislocatior were Kf 
Such a caiculat t { tti« mportance how 
ne behavior of iron after strain aging 
eve ‘ the such ndicatior wt 
jicted. Harpe ha ecently made ; 
vith the result of eq 8, the actual Kineti 
measure the number of dislocation il 
f th tron der nas entire or 
e mov ervit the ite of decrease in the internal friction 
the quantitv chosen fo R/R. in eq 8 and car : 7 
peak due to dissolved carbon as a function of strain 
The assumption in his work was that the carbon wa : 
} } mount thern - the stior mi} 
of the total potentia ai 
It ry te tated at 
move vith the ve 
fraction ot t thie 
neti re le ct 
The feasit ty { 
mechanism f cat 
juant tat ely ¢ t it 
anism annealed su 
Vie a nt pecause t 
ocation co ons W 
Strain-aged sinkiec 
with the magnitude 
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nd N-neptane ana t 
t were taken t i ire that these c! ta were 
ned vere constructed 
= 
2 
f the rie rhe i 
f the fter the tal had been clamped 
T t ‘ iin ted the 
rhe tea P ‘ tect ‘ ha 
: ' ndicatior eld nt wher the anme ed 
> The cot or euched that the ! e crvsta 
I i 
om +) minum -k ed mate al ad not 
‘ ont eve vhen carbu ed Furthe 
th nvestigat } ‘ obably used 
t ‘ t the litlerence ‘ iit 
t bee luc hitlerence nm ¢ tu perfectior i 
It known that the ‘ pont f more 
need at te iit ‘ iT ida 
tor experiment wa ert med in which a crysta 
, . tected at a strain rate of approximately 0.002 sec 
: with ecordir train gage attached. The re t 
vhuict i be interpreted as a eld-point tendenc 
f ie ed. but the sharp vield point definite 
' heent even at these more ipid rate f straining 
The dislocation idded to a crys i 
oroduce a vield point must be added In a very seres 
, tive fashion, that the must be added large 
vhict poceu inde tne tre ut 
ime ilo \ 
ea. TI Jomonstrated t mn experiment i 
tt f 
‘ ‘ 


staan % 
Interaction Between Dislocations in Boundaries Fig 8—A shows yielding of strain aged crystal where straim 
It wre estal hed that a crvstal which has beer was initially by rolling Subsequent yield powmts in B and Cc 
i wi nay are the result of tensile stram aging 


and la 
best explained as being rows or wall 
te ind \ ‘ 1 hocation move at once 


Polygonization Experiments 


as beet enera efe ed t is | vonizatior In order to determine whether an arrangement of 
It ha eor ied by Cottre that these bound- dislocation n boundari we e the yield 
‘ nteraction mechal m for the yield point, an attempt was nm ade to ¢ the perfec 
nt tic ! rime ed le crystal If a tron of cart ed single eryvstals as! vealed by X-ray 
th rm ed t carbon aton nd ol diffractior with the ld behavior Several 
it nd f dislocations of the same ur crysta 100 mils x 40 mils x 4 In. In length were 
tw t e difficult to move the dislocation thar machined from larger crystals and were annealed 64 
f i? ‘ ‘ ' that bounda Cottrell has cal hr at 850 C in wet hydrogen and then carburized 
ited the contribution of the boundary conditior l hr at 700 C in hydrogen saturated with N-heptane 
t th tre eg ead ! ve cl disioca ature. The ecrvstal were then furthe 
ind he finds that eciabl tre nerease can be at 850 C 
ealized if the d cut n the boundary are not e crystals had been deformed during 
toot part. For exat «. an increase of 3x10° dyne id each showed a different degree of 
el cm ! been esti tea ¢t Cottrell fo ‘ I Laue spot The pots from some cry 
wing of 10 between dislocations in the bound- tals had a substructure not unlike that obtained by 
While tl a reasonable increase in yield point coarse polygonization, while the spots from other 
f t n-aged ¢ tal, as Cottre points out, the crystals were ingle and sharp at the resolutior 
ed ement of spacing f 10° cm will not permit a available. Upon tensile testing, no correlation be 
door bound network ¢ the der tv would be tween Laue spot perfection and the occurrence of an > 
tn | watior equivalent to highly cold initial vield point could be detected Some of the im- 
ked met Ir ew of the nature of polygoniza- perfect crystals had a slight initial yield point, while 
tion it eusonabie t i ime that the boundari othe! hid not ‘ 
re preferre jirections perpendicular to the A second experiment was performed to determine 
ect f " nda fa high density of a whether anv observable change in the Laue pot 
‘ ! i then « ton a polygonization bound from a strained erystal occurred during aging in the 
length of time usually required for the yield point 
The t fe] Cottre has assumed to represent the to return. Crystals were trained 5 pet and aged 
t ntauinw nchored disloca erthe at room temperature or at 100 mall 


detected in the tre train curve 


‘ ed block The d catior nm the for crysta trained 5 pet and aged at room tempera 
‘ t but e unabie t get tf igh the bound- ture in 200 min and for those aged at 100 C in 1 min 
ntil they } ‘ ed up to considerable extent However. a ervstal aged at 100 C for three day 


the 


itely after deforming 


n fast t vt bsequent boundaries. Tt pattern ove mmed 
eM t ‘ ct i t it bie alm int of homo It w te in a ibsequent experiment with a 
ene tic flow before the Lude band form bent iron erystal (the most favorable deformation 
t t t. it t nsistent witl for polygonization observations) that 1 hr at 850 C 


observable breaking uy 


aT, ' j watior ‘ ciated with high stre The conclusion must be, therefore, that the in 
et r vithin the crystal t ove nd pre perfections of the magnitude detectable by ordinary 
juce flow Laue methods contribute little to the yielding be 
If d ‘ n t ndarie e present it does not havior of iron crystals. Furthermore, at usual strair 
eem ¢ ential to the argument to Nave the p-oce aging temperature (room temperature to 100 C) a 
+h fd ocatior it a boundary trained crystal will acquire a yield 
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which several flat thin single crystals were strained on x 
t ctl ng and were then aged up to 20h eo I 
t 100 C. These flat ta wher etested in ter : 
} ‘ ‘ iy rt If afte the ten ‘ ©, 
nd retested in tension. the crystals had a | 
¢ marked ‘ Tr A tvpical test } wniin Fig. 
While the erall densit fd cations undoubtedly 
vas increased | olling. the majority of these d = a 
to the ne erative during ling. Since 
ani 
the re ma nerate in tension, the aging 
ed tu e.. anchoring its additional dis- 
tior es not affect the numbe f co or 
moved 
: 
be 
= 
" 
exp ent. Cottre t es t et nd a ta vas required to produce a) i!) ig 
| 
For example, if a dislocation 1 nce set free from a equent tensile test mat time athe ‘ ~ : 
houndar' the dislocatior adiacent to the want change in its coarse substructure can be detected . 
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‘ 
i 
t nts t ‘ t t hur the pecimer t ‘ upprox 
by B ‘ ‘ t t ‘ lium cyanide. With irrent density of approx 
verated t wth risate 20 amp pe im, the time required to ot 
t talr tisf t f ‘ ed f to 5 mu 
\lth hon } lore i i \ i | ! 
+} esent f Stand j ‘ ‘ ct 
the Jetorn P thie irrence the electre t i hed irf ‘ \ heat etet 
‘ i, te thy th itior juced cont t be 
\dvancement of whic? cou he « ‘ sec ‘ ‘ 
these ‘ ‘ j Ihe of vith a pilanimete mer irged tracit ot the grain 
Feitnecht nun wed that the 
nada ains increased with temperature and tim 
na fandis thy rode tor mechar ry 
— ‘ ed 1 250 thick 
These plates were annealed at 500°C for 1 hr and 1 HOUR : 
eductions of approximately 45 pet, followed in eact 
A 
pet, which resulted in a thickne of 0.02 in. 


Results 


ring growth of secondary graims 
of terns these grams 


vate pet for reproduction 
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the t t ‘ vhict ered te bie tance t 
; firection of rollit nd showed ivated bound- 
Characteristic boundary of the growing gra 
: dluminum and ver and by Kronbe nd Wilsor 
. "at n OFHC coppe It moreove milar in appes 
nee he advancing bounds ! Ving mary 
ety [vpical examples of the shape f the seconda 
| fypical examples 2 from which it is apparent 
that the maximun ite ‘ wth in these ta 
n the direction of ‘ 11 It w 
| be ced that these ‘ t have three set 
wing grain, whict ieeests that the 
vith the growth of the secondary eryst 
ot i ‘ ‘ ‘ \ 
na t { OF H¢ ppe these tw ure 
q 
Ve, 
ire ind 70 rt inst jefines the 
hat of the parent deformation Tex 
ture. Comse ent these angle the tions of 
orted by Cook and Rict { n second t 
{ ed na nneaied t 400 ¢ 
and the characteristic posit ‘ 
Aree reduced approxi ppe the shape of the second can best 
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Fig. 3—Stereographic projection of orrentations of secondary 


crystals im silver specomens Open circles are twins of the 
main group of crystals 


Fig. 4—Resistance to growth encountered by secondary grains: o-—at 
drilled hole, b—aot sheared edges Arrow indicates rolling direction 


ATS Area reduced approximately 06 pet for reproduction 
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lirect ist thie t te ae 
noms € the — textu those 
/ 
f ‘ mat mn text ‘ ted to coms 
| he def iti xtu 
4 nent the 13) 4 t ition texture 
+ ii ie 
j te \ y @ ple é i l 
tational analy vas demonstrated by Cook and 
Richard wt elated the (110) 12 jeform: 
. tion texture of 70:30 bri e (113) 1 
temperature ecry i exture a“ 
: 
\ — Writean’ that elationship can be 
ry be 2 tat re aired or 
ind a ‘ 
the secondary grains and the rotational re 
. 
be described as an ellipse. Even more significant Peet. a. 
n both metals the direction of maximum growtl = 
nes esponding to the trace of lon & 
tad +h hat j 4 
t Phu iminun which unlike othe fact "42, 
entered cubic metals shows no annealing twins, th Fs — 
‘4 
jetermined fron number of specimens and : 
ere cde 3 
‘ the tereos iphic plot of Fig In tt 
e. the cube pol f the secondary crystals are \e 
tted na itn een that a but four of the ? 
pi 
hotogran f the parent rt background ow, \ 
ng plane in these crystals can best be described Cepia gl : 
| th ndice (110) nee the degree of radial 
tt ng of the pole bout the cle at 45 fron 
the center of the t ctios not Moreove 
the extent of circumferential scatte cn ha ¢ > of &* 
olling direction in these erystals can reasonably be 
lentified a 112 is indicated by the angles (96 - a RE 
ind 54 ) which the arbitri drawn dotted line 7 3 
econd ns have an orrentatior milar to the : 4, 
parent deformation structure, (110) <112>, as al- 
iv indicated by the characteristic positioning of I) 
the twrir n these ¢ wr These 
t ire in agreement with the onmentation relation- 
eported by Bowle ind Boa who used the 
ame method of analy These investigators, how- TTT 
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Fig 6—Progress of second 
ary recrystallization af 
502 C. x60 
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i 
« larger rface. This directional devi 
* , ‘ 
\ T th the i or i 
Fig aconsumed crystal nee three ant f twit me of 
R20 7 nabsorbed ns which had grown somewhat 
fed the are econdary 
' +} ‘ ' , hown in Fis rhe positioning of thes« 
thet th elative rmiplie that in these unat bed il! é 
t 0) re espond lose to the plane f the 
i heet Henee t bable that these ma 
t t Sample ix em) thie ed p were 
nnealed u oul fou more, at 4 478 
treatment the pecirner vere px hea 
} the test rie ‘ ‘ 
atehed as described above, and measuremet 
t vere n f the area of the argest secondary crs tu 
t ct it vhich had not impinged on anothe 
owl ‘it The liameter of a cle of equiva- 
‘ Lotermined function of the annealing time The 
4 mie of F how the f growt? 
tt men indicates that in these case of secondary crysta it SOD 
Me 20 MINUTES 50 MINUTES 


Diameter of largest gram vs time of heating at 433 
and 478 C 


are impeded 


n the 


wt 


Fig. 8—Diameter of largest grain vs. tume of heating at 
502 and 533 C. Solid circle indicates grain contact 
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: 
ivtical ned t ve annea 1 t 
- 
en va f the etchant The ‘ alt the wt 
hown in Fig and % Vhere the liamet the 
gra ea alt it ma ‘ 
that the ate f wth nvariant with time. and 
ncrease wit! temperature i Marne i 
vestive f the at} ate fy wey alr ‘ 
iniformly lef med test-piece Furthern ‘ the 
Fig 7 
irve ntersect the positive time ax theret a . 
ociating an nduction pe with the wt! 
phenomenon. Tt nduction pe { decreas with which in their earlier stages of growth EI ; 
ncreasing temperature eithe t ! ible impuriti ccumulating 1 
The temperature dependen f the rate of advancing boundary, by tl mall number of 
owt hown bv the « owe where the ntact area het weer the asin and 
logarithn {the growtn ve city mcm pe mir i inding fine ained structure 
s plotted against the reciprocal of absolute tempe ps 
are i ot ved i ‘ irve A 
elationship. from which n } tad ar Corie Se Experimental ob 
vation ene bir the temperature de ervatior t numbse face-centered cubs 
pendence of the growth Phu he ve cit neta id rie presen ! 
of rain econdary ta itor estigation, have estat hed with certainty that the 
crease rar tiv woth ‘ nm terns ture Te doy econda nanneated cold ‘ ed sheet 
t the expre or i prete ead ork ‘ Whict { ‘ the 
entation f the primary recrvsta atior tructure P 
ind can elated to it a rotation around a 
2 
Li] ix Beck has pointed out that wh a 
otation leads to a high energy un boundary be 
per me Since a n elatior shtained in the 
per n irthe hown that the molt » of the grain bound . 
ima i \ wey vreate the } hie he grain boundary energy 
ispet ha a i Love Thu Bech igvest that the econdary au che 
t? ‘ thie 
prow p ‘ velop from a sma fraction f the primary 
duction period durir the owth proce nd it : a 
ma texture apd that the owth capacity 1 
warintion with teancu ant nated thot 
Varla ine i pu jue to th ry ‘ entatior hy been termed the 
th of th nduction 1 od we war 
th +) manne n the 
ented nucleation” theory which supposes that, upor 
elo of ere rit i Ow } 
nneawt the } mi \ tructure nuct ire formed 
‘ rithn thy ‘ mesa the nd ad 
mst the recipros f the ibs ite temperature ‘ 
ia i ‘ } nfortunate he present data cannot different ‘ 
nd it mav be seen that a straight me obtained 
ea ‘ ‘ ‘ feforr itior 
nauctior pe od ry byle 1/t) 
to be expre ea by the mula 
pi 
i/t CX} GV sent) 
tion ene \ Wu culculated t t 
mo within expe ment the 
as that btained f the elocit f \ ble grai 
growth It would appea from tl that ult 
vrowth is takir place durir thie called inductior 
period by the same processes governing the 
of visible grair A sin plot of le l/t v l 
was made f aluminum using the data of Andersor , L 
and Met and va ind that the value « if 
tion ene iZrees ¢ ely with the lue the ot . 
ture. These observations fav the conception that : 
nuclei of the secondary ta are small gra 


vs 
absolut Logarithm of reciprocal of “induction period 
wth rate vs ; reciprocal of absolute temperature 
ture 
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‘ 
‘ radient 
this arved boundary his vacancy gradiet 
‘ tw af irved bour la rit 
‘ t ton distance 
t the it slute tempera 
Roltymarntr ‘ ‘ 
+ of the n bound- 
t j i } the equ im concent atior vacal 
+) e ir experiments the idius of curvature, 4 
eo) re «, but ; mately equal to the diamete i, of the pri- 
ont his (ome Vi Ib) If th ibstituted 
‘4 the t made that ‘ where 
j i the imption act ‘ 
ture of the | ind [3a 
forence neentratior ipplie acre rhe 
+) ie ndary which may be a 
7 ‘ india 
Then fron CK uw 
ble imed to be equa - 
A that 
sion of thé D \4 
: ry thie ture hie \ the are f contact between the prima 
with the the ndars n. R, the radiu f the secondary 
which ‘ 
the 
. I i 
efficient ) ind nee the te growtl 
‘ 
} 
epe ‘ 
t the ried 
ton irface f G [6] 
hetituting the appropriate val 
ind taking Green igh s Value 
f that diffu i von 
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Table | Calculated and Measured Values tor Four Temperatures 


Temperature 
Cm per see 


Fig 1i—Schemoati drawing of grams 


ts the same size as the serreunding primary grains 
but is oriented differently and thus has higher grain boundary 
energy As a result ef the higher energy the boundaries will be 
curved and will meve teward their centers of curvature a» 
indicated by the arrows) causing the disappearance of grain \ 
oriented differentiy bul is larger than the 
In this case the curvatures 

beundaries are such as te cause the continurd en 

srain B 


4 10 2 


Fig. 12—Variation of growth rate of secondary grain with size of 


grain during “induction period Ponts are trom data 


token ot 433 C 
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ma ve two ppearir these It 
eved ‘ ‘ Vinned 
‘ th f m f i ¢ ! have ed entat vhict 
; ( the iit 
texture ise? tructure cat « related t 
= ennrts that { D OLD « 
Tu i irement the owt? ‘ econdars 
that the calculated te ‘ ais > ved that nduect od thy 
« ite vt? 4 cor tant The termpe iture ce 
pendence { the verage ite { ble ut 
ired Value ne i t ipppea 
thi tudy It ( cer that these mad iny ble owth proce ‘ These value ik est q 
vood avreement ‘ trie tempe iture that the itomic t ce oft at? one of 
\ veda If t tuker 4 vrain t indu elf-dittu These ‘ iit furthe 
irements were Made ve tem pe ture ! ed induct rh 1 toy the me 
ibout 100 ¢ t Ke that the it ! erniz the owth of ble nd that at th 
both could be ri ¢ It w neiuded Tron ea tace owtl probat mpeded the 
that our model of n bounda movemer turit ma numbe f contact are between the owl 
econdar\ tal atior ‘ ect vrait ind it ned structure 
the assumption that the un bounda 
Conclusions 
ihe pher ‘ ‘ chrvatur n the 5 we city ha 
199 9 time ve been invest ted it old ead 
ved vhich predict owt ite ! Cu 
the tempe iture nue ) ( itive ime 
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Fig 2—Eftect of annealing on the thermoelectric power of 
id worked molybdenum 
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Delay Time for the Initiation of Slip in Metal Single 


The delay time for the initiation of slip was studied in single 
crystals of « brass, aluminum, and / brass. A delay time for slip was 
found in © brass when the specimens were tested below room tem 
perature; however, one was not found for » brass or aluminum. A 
general theory for the existence of the brittle transition temperature 

1s proposed 
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‘ 
EE onsiderable amount of effort ha which the stress-strain curve showed a definite vield j 
and fracture of single « ta the vast ma ty of exhibited a delay time at the vield point, while the ; 
the work was concerned with static test with the mater tudied-—ty pe O02 stain teel 
tests carried out at relative low strau ite Phe SAE 4130 normalized steel, SAE 4130 Qa ; 
nece it the tud fa me ble incubation time tempered steel, 24S-T aluminun did nom a 
for ship become apparent when the irious the ‘ lelay tirme These tho in extension of the 
which have beer tulated f the elucidation of vork, found that as the temperature was lowered J 
the mechar pare cor lered existence the delay time wa nereased 
f an incubation pe i would strongly indicate that It then, the purpose f th nvestigation te 
lip occu by a proce nucleation and owtl mea © or to set an upper limit on the delav time . 
whereas the absence nceubat nw iid present plastic flow ! nic tu of bra alumi 
ither convincing « lence that ip occu by i num, and § bra The delay time w ilso be studied 
cataclysmic proce In addition t heddu lhizht of is a function of temperature | 
the proce of plastic deformation, an understand rhe incubation time may be measured by dete | ; 
the early tuue of istic detormat nn th mining the lengtl tirmme the men wll ipport 
hel pf n findir n ex swnation for the brittle he » stre without slip occurrir when the stre 
hy: Oo of the bod centered meta riche certau preute than the tatic « ticu ‘ ved shear tre in 
conditior It we KI Vn that these me cn In orde h these measurement ise Wa 
i on, n vbdenum, tungster t et ‘ made of a pendulum which wa © designed that a mi 
become t ttle a the test tempe ture vered neie « Vata pecimen ¢ i be placed at Varidu 
the tral ate ncereased. Ir pite of the fact ositior ilor it enzth When a pendulum truck 
that ipbject ha ead cor it ible ittentior anothe penduiun thie ime length, an clasts 
nee the turn of the centu no lequate theo wave transmitted down the bar with the velocity 7 
exists today which explains the phenomenon. In the ot ind in the material and eflected from the , 
fibrou fracture afte nsiderable p has taker back and unloads the stre intil it reaches the in | 3 
1 of 
fails « entia t cleava on the 100 ' ne ite The length of time that the pecimen 4 ib cog 
howeve me plastic flow alway present ever ected to the tre equal to the time it take fo om 
mn the n t t ttle fracture It ‘ ble i \ the tre Vave to travel twice the distance from the 
be explained ate be th } beha ecimen the end of the ba The tre iwplied 
o the lengt f the incubation time f | to the pecimen is governed t the t city of in . 
Clark and Wood isu poly talline meta pact of the two pendulun The stre it which the a3 
nowed that a de vy time existed for the eid t nt pecimen f t ifte plastic deformation was deter - 
the applied stre These author tated that the ade mer nade he microscope fe the ! Ippearance a 
lay Ge Was observed oniv with those materia for f m line and t measuring the residual train if 
ifter each impact. In these experiments the critical 7, 
esolved shea tre was approached from the low : 
tre de and no attempt was made to determine 1 
exactly. T letermine it exacth t would have . 
been necessary to find that stre at which slip would 
ncreased i mail increment the critica 
tre is belleved to be approached rather closely. a - 
4 be seen from the experimental results. The erit- a 
ca tre N be taken as the highest stre obtained ~ 
before the onset of plastic deformation. The stress« 7 
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Orentation of brass crystal investigated 


Fig 4. Orvertations of cluminum rystals mmvestigated 


Fig 5—Onrentations of brass crystals investigated 
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\ 
ner nd the » directior | \ 
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Tat Orientation of ystals ‘ ed tive 
t du hile ist leformatior 
Plane and ‘ | ea 
tire ‘ Directo ‘ dof ’ tem pe it ‘ 
the rie ett i tr employed fo 
t ‘ rt nu! bra pecimer 
ere tested at 4 2 nd 190 C mn these 
offect of the d tion of the stre wa 
t ed. At temperature, (Fig. 19 Table 
II) ie t i be found, but at 
rat and mC Ol IX) it was quite 
| te \t te ‘ t the ‘ ie tica 
‘ tre t when the 
‘ nt ned ‘ i nue thar x10 
Tot Young Modulus tor Crysta Investigated 
ry ¢ 
Modulus of Elastictt ‘ tre ‘ The data btained at 
ws t t ut tl wture the effect of 
‘ ‘ of iw +} ‘ ked At a time 
he ‘ ‘ ‘ ea ‘ 
na i” than that btuined 
‘ trie ‘ the ible to wit! 
‘ tre ‘ hefore plastic deftorn ition 
ow 
vie After each of the specimens ¥ tested. a micro- 
‘ fetert rit thie tistunce betweer Lit 
nad the active The examinatior of 
a the ecime! tested af m temperature did not 
problem, but U ‘ ecimet! tested at low 
semperatures were genera tained and it was dif 
tins nex in detail. In general the 
re vere f nd widely spaced 
ti that ve ttle plastic deformation had 
‘ ‘ t e. The mt ‘ ‘ bra ind alu 
nut t cere determined and found to Dt 
o we ted in the terature. The 
Tot v OD Time of 
P mn (111) ne ry the 101 
Keselved Time oct The the bra howevt 
shea aie 
stre ‘ tw ant ‘ ha ea 
ry the te t ‘ The ne it w tempera- 
i ted thie 110 ina 112 \ peci- 
n. No. A(t ot bra which had been sut 
mt ‘ i nit en temperature to 
tia ting vas examine i to 
dete me the } tre pecimer tudied 
the 110 rit ila be found 
In general, body-centered cul metals may be 
eformed twinnit is Accorda- 
! tM mer { t which had beet defo med 
ter ‘ t ‘ na ¢ wert 
hed and etched ‘ leotert ne the t ble ex Oo 
: f twit As fa ‘ be determined by 
-aminatio? the opt cope. the speci- 
‘ ‘ \ ! ‘ i 
+} een the > t letermine 
4 ‘ time existed f The 
ect f time ft would ndicatt 
t ‘ t ea t ct of mut eatior ana 
the method 1 posed t Frankel who pos- 
that ‘ yvyheneve tne tress 
i " Othe med that 


Delay time 
bross of 


Fig 6 
for 


curve 


Fig Delay time 


tor aluminum 
ot 


curve 


Fig 8 


curve 


Delay - time 
tor aluminum 


ot 54C 


Fig 9 Delay time 
curve tor aluminum 


ot 190 


if jelay tim 


a i 


discussed here 
t body 


conte 


lution 


ot 


role of 


face 


alloy 


veal the 


Zene! 


ilated 

ht 

and 
the 


red ¢ 


allow 


ind face-cer 


for an ¢ 


which the ene 


lowered 
for any giv 
affected by the 


a decre; in strain 


en 


an 
the 


presence of 


Table Vi 


strain 


spreimen 
Neo 


Table V Delay Time 


strain 


Ate 


for Aluminum at 


Kesolved 
Shear Stress 


Delay Time for Aluminum at 


190 C 


Kesolved 
Shear 


Stress 


TRANSACTIONS AIME 


FEBRUARY 


1952 


JOURNAL OF METALS—20! 


‘ 
| 
4 + +--+ + a + + + 4 + + ar 
4 = = DEL AT 
| | 
4 
| | | vacut | 90°C 
TiWE SEC TIME SEC 
miplie that a delay time for plastic flow hould ins we nee it thermodynamically impossible to 
occu prepare a metal without any impurities in sok! a 
In th vestigation, while it was found that the However, a study of the delay time in Els mf :- oe 
bod entered cubic meta bra had a very pro centered cubic materials might rei» ii a 
nounced delay time f plastic deformation, n te foreign aton 
time Via found f the face-centered cubs The theories for plastic flow post ~ 
met sluminum and bra The difference in the and Lescher are not detailed en: ? 
bena f the bodv-centered cubic meta yuite difference in the behavior of face-ce > 
enificant. While t cannot be aid that the face body-centered metal Both theor 
centered cubic metal A ild not have a delay time existence (iii |! »p for the two classe os 
n these experiments were emploved, it is quite def The fac red cubic metals exhibit ts 
nite that if there is a delay time for slip in these i delay time for slip EEE} tered cubic metal Po 
meta it ma The last cor leration may wel either have an extremely small delay time or pet 1c 
be the case nee there is no reason to suspect that haps none at all, may furnish a basis HP ~plana- = 
the mechanism f p in the face-centered cubi tion of the brittle transition in metal pe 
meta Lifts marked from that of the bod It is well known that when body-centered cubs . 
centered ibic metal rh itte tatement, | ‘ metals are tested over a range of temperatures there a 
ever, may be modified if the le of impuritie which will exist a temperature range in Sippy = 
may be in solid lution, is considered. Accord ibsorbed by the specimen upon fracturing will de ; 
t Cottre i watior can become incnoreda crease bruptly. The temperature at which the energy 
mpurity aton and thus inhibit the slip proce droy apidly called the brittle transition tem << 
nee the enerev nec ary ¢t disiodge the ad Ca- perature In contrast to thi face-centered cubist | 
tion become arger than the energy necessa to metals do not have such a brittle transition tempera- | ” 
propagate the dislocation, Frank postulated that f ture and the energy absorbed upon fracturir re- Mi 
th to be effective the impurity atoms must strain mains rather constant as the temperat < 
the ttice tructure unequal n different direc- The brittle transition temperature is 
Th a ery tringent condition and im- bodv-centered cubic metal is greatly 
ties mav be expected to affect the body-centered conditions of the test. In general, 
cubic meta ind the face-centered cubic meta r ate will lower the transition temperature mea | 7 
lite different manne Thu f the d catior increase in the e of the specimen will cause Z, 
theory is adopted to explain the existence of a delay _ transition temperature to be raised. The EEE : 
whether the delay time due to the presence of im- ee : 
muritie whethe t associated with a particula 
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Pr ited to the fracture stre Th can be done wu 
; tw via In F 11 the curves have been merely 
G 4 60 : extended to the fracture stre (7,), while in Fig. 12 
20 0 
thie i ‘ portior of the curve have been drawn 
cee 
THWE -~KI0" SEC shat they intersect the fracture stress only at the 
‘ ‘ , ‘ time ax These latter curve mply that it 
mp bie t achieve a completely t ttle 
‘ ‘ break. while those of Fig. 11 would admit to such a 
‘ ndicated in Fis ll a stre is applied 
t ecimen ich that the tre -time curve Ma 
‘@ be represented by the irve OD. Tt curve int 
ects tl jelavy time curves for temperature I 
nd T. at the points A, B, C, and D. The tem 
perature ire selected so that 7 high than 7 
arte t t? it t tempe t itt ail 
the delay time f exceeded DY an appreci- 
ple mount and a ct esponding large amount of 
; t ‘ \ the ‘ ‘ ‘ ; 
‘ fl can oceu H Veve it temperature i 
: thie te y tirme not exceeded and the pecime!r 
t fracture by cleavage nce ifficient time ha 
' } } the not vallable tor the tart ot il} If it as- 
i. imed that the delay time curve are similar to 
‘ ‘ tt tert ‘ if j ‘ 
those esented in Fig. 12, only a slight mamiification 
’ f the above explanation necessary. Hb it 
een that me plastic flow will always occur ne 
‘ j ‘ athe ‘ 
‘ shat j matt y high the train rate or how ow the 
‘ temperature. Howeve at the temperature 7 nee 
: ‘ is! allowed fo lastic deformation, 
‘ the fracture W be essentially britth 
' sow. ' In the attempt to present U theory in as simple 
‘ ‘ hoof ‘ ; manner as pe ble. it was tacitly assumed that a 
’ ‘ t time curve of the type OD in F 11 could be 
‘ ‘ pplied directly. Actually, however, this 1 not the 
+} ) A, «. for the delay time curve were obtained indet 
where the tre was held at a constant 
+) \ while the curve OD was not Since the il} 
proce ippea to be associated with a nucleation 
} ‘ na not t ct nucleation may very well be gin to occu i 
} as the tre exceeds the ¢ itical hear stre 
found under static condition 
‘ ‘ ‘ ‘ nal is Tt effect would have a tendency to move the 
, ' face-centered ielavy time curves to the left. To this end, it hould 
‘ ‘ te te 
‘ na f the tre 
\ nat it hie 27 
| 
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be pointed out that the customary use of stra ite n the literature which reports that at low tempera- Mi 
is a parameter fe jescribing the plastic flow phe- ture lip occurs on the '110! and {112! plane ; 
nomenor mewnhat n leading nee evel inde 4 The critical resolved shea tress 
conditior where the strain rate is constant, the in th nvestigation for the single crysta by 
tre te es continuously. The strain rate w ind aluminum agreed very well with tl : 
t be a me ‘ f the average time that a spe« n the literature. Fe bra at 28°C a \ ; 
rrie t given stre It may be n e meaningtul psi Was obtained as compared to value : 
t nad t the tude {f plast flow unde condl the terature of 1600 and 1900 psi A \ ve 
eonctant tre 125°C. 1 at 4 C. and 580 p Z 
was found for the critical resolved shear stre of i 
Summary aluminum 
‘ ta fal sluminum, and 8 bra the The authors wise with thanks the 
face-centered CUDIC Mx + Drass ana aluminun contributions of N. K. Chen for his helpful discus- 
measurement n the aluminum cr‘ ils were ca ng the brass crystal Ss 
ed out at 190 C f in impact time of 8x10 
\ delay time was found in brass which was strongly 
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Diffraction Patterns and Crystal Structure of SiN, and Ge.N. 


A nitride, believed to be SiN, has been separated from three nitrided 
sthcon steels. Germanium nitride, GeN, has been prepared from pure 
germanium. Comparison of the diffraction patterns indicates that the 
two nitrides are isomorphous; an orthorhombic structure is suggested in 

place of the rhombohedral structure previously reported for Ge.N 
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ble iiffraction nitrided by holding them at F in an H.-NH 
‘ hex er ted. how tn phere contain pct for 48 The 
f hict thie n ty nitride particle ‘ Vas increased by ibsequent 
! er i nt t expected heatir it 1500 F fi 131 } ry he in The re- 
t An effort mace ilting microstructure hown in I The steel 
to for i tride, to det ontaini $20 pet Si was nitrided at 1200 F for 
t i t itterr 1, if t hr after which it was held in helium at ZZ? 
t t ‘ 4} It tructure i eer ind the electron 
t i f tee cope istrated by Fig. 2. As would be 
ed with the re expected from the highs licon content and the 
t t 1 t ‘ vhict Vie teu } te holdir tirme it 1500 F. the nitride particle 
t t tt i ihe | t ‘ matier and more numerous than those m the 
the te nd an attempt 2i pet S tee] The ammonia-hvdrogen treatment 
ter? rev? comy t ! educed the carbon content of the teel to a very 
which ind carbon or carbide In the case of the 2 wet S 
t th Ge N ilthoukt tee the carbon was reduced to 0.003 pct before 
: | t tiot thie t ture has not nitriding by heating in drv hydrogen 
; ‘ t t how that a cont Attempts to obtain an X-ray diffraction patterr 
re ‘ ‘ from polished and etched surfaces of the 1.21 and the 
t rd the iggest that t! 20 pet Si steels were unsuccessful. Howeve at 
t N electron diffraction patterr Wu obtained trom the 
i we rhe nierpiana pacing { 
ned om these patterns are shown in Table II 
co ) The nitride particle were then extracted 
naa from all three stee by dissolving the ferrite matrix 
Beeghlv method for the extractior f aluminum 
nitride from. stee X-ray diffraction patterr of 
these re tus obtained by means of a spectromete! | 
nd t 1 57 mm Debve-Scherrer powds camera 
filters j cobalt or or adiatior are 
ven in Table IT along with the pattern obtained by 
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Fig. 2—Electron micrograph of silicon nitride in a 3.2 pet Si 
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ib. 
transn n electron diffraction from the powder A sample of the steel cor ; 
\ cement between the X-rav and electron diffrac- given the ame thermal t - 
tata yuite wher the it ative nacceuracy te men withe it ntro 
of electron diffractior considered. It was con- then d lved in bromine-! ; 
cluded that the nitride was unchanged by removal diffraction pattern could be : 
from the steel amount of re lu A few line \ 0 DE fom a 
Table Orthorhombic Indexing of Diffraction Patterns of and Ge.N 
2A Jura i Hahr 
Reflection 
2 428° Ms 452 vw +50 
2 ! 7 40% : 
\ M 95 : 
vw vw 242 
vw 2m “ 29 29 
eee vw 2° 2 2 2 7 2 817 
2 583° 2 58 259 MIS 2.727 2.727 2734 
2 2 42 2494 vs 2 621 2 22 \ 2 420 
2427 2 42¢ 
2 a a Ms 2.439 204 2445 
2 2 267 2.272 vw 2 362 2.162 
222 22 221 Ss 2.297 2 303 
4 M 2 149° 21 21 1 2270 2 2¢ vw 2.275 7 
2 074° 2 072 M 219 2 vw 2 199 
‘ Vw 2 4 4 
(re vw iw 2 009 Ww 1 908 
4 “ 79 129 
242 w vw 
vM 1 747 174 
M 159 1 682 vw 1 683 
“ w w 1 
MIS 1 4 w M 1589 
w vw 1.574 = 
M ate w ’ 
14 1.38 1517 1510 
MI 1 499 1 498 
WwW 1 M 4 1410 
W 1 309 131 vw 1395 vw 1 385 
Mw 42 1256 
129 27 vw 1.332 
vw 1 26 125 
W 22 
VS me trong: S, st MS. medium str M. medium: MW, medium weak; W, weak 1 VW. very weak : 
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if 
he 
er ha immarized the effect of rs 
ments on the lattice paramete ‘ | 
4 
of magne im The present paper deals with the Ag 
+ tar rat +> +t narameters - ay 
of lemperalure rit ce parametet! ana 294 
the way in which that effect modified by alloyed . 
The experimental techniques for sample prepara- 
tion. exposure to the X-rav beam, measurement of 
line diameter ind calculation of the paramete! > 
were the ime a eported in the previous pape! we 
The temperature of the specimen was raised by sur nn . 
rounding the mounted compact with a conical Gla ~ ‘ 
Co the base of which wa ealed with Saran film es s 
In this way the temperature of the specimen could I 0 
be raised to 200 C, which was the maximum de- “ 
ed in the presen. ! t : 
wa effected by 
voltae te the 
through a Varn 
an iron constant 
body of the speci id “9 
| \ | 7 
was within 1/16 in. of the the \ 
exposure Was than + F 
Ms Av, Mg+Al, and M Sn were Es 
percentage \ ilue are n atomic percent The re- a : 
ilts are given in Table IL The density values given w Bi 
n Table I were calculated from the lattice parame- + 2 ; 
ters, using an equation due to Foote and Jette ’ 
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: ~ ¢ aha ite ‘ The hie the tempe i- 
tu the e electrons there e in highe eve 
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bas f the theory proposed by Ray ind Hume ' 7 
Rothe therefore to be expected that there i 
} 
which a furthe ncrease in temperature \ esult erec } f 
n al nere rm the rat The thres} i ten 
neentrat thy heir heated That tt e206 
expectatior fulfilled ‘ irl hown by the data . 

thy ‘ tern iM it ire 4 i ‘ ere 
¢ lat ‘ thre« the illoy tudied we 
thy M »] pet \ ind Msg 010 pet Sr thy |-s 

ere 
pers se se ae ae 
irs ‘ t thie ! t i nva mee 
TEMPERATURE 
idded to magne im. the thresh i value h beer Fig 5 
more than reached by alloy The experimenta 
curve w therefore nearly extrapolated to a ! o 
of 1.62364 and the threshold temperature 
culated to be 131°K Fig. 2 therefore means that the thi __7a- ; 

} 2 show the lependence f the hreshold ture higher than 473 K 2 
temperature nu electron concentration of the From Fig. 2 it een that the iii zr!) of - 
met ‘ ctre cor ryt thor alc tec ‘ 

‘ in relative elective vaien¢ Phe ero. Once the threshold value is reached, either by 7 
value in the Mg-Al series at 298 K also obtained temperature or by electron concentration, a further 

( the previous pape The values of threshold rise of 125 K is equivalent in effect to a further 
temperature below 298 K were determined bv extra- increase of 0.01 electrons per atom 
polation a lustrated in Fi ) x 

The point f M 0.46 pet Ag requ oo 
planation rt alloy has an electror ; 
of 1.994. and from the relations} p est : 
ther allovs would be expected to hav! : 

temperature of about 520 K. Since, with the experi- Py 
vot na tt 
mental setup used, the maximum temperature ob- > 
t t 4 K. it ld t tl 

— =o G. V. Raynor: Proc. Royal Soc 
change in c/a with temperature would be observed G. V. Ravnor: P R . - 
Th the case, as shown by the data in the table | : 
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| ‘ 
‘ pe 
ri.Fe 
! tit ‘ Phe Ti.Cu and 7 mi tier e aln 
tir tock lentica pattert eement with 
Ka but egards the Ti.Cu structure ir 
tuke the hor eement with othe The Ti.Ni and Ti,Ni.O com- 
tions vielded similar results. It appea there- 
4 ‘ ‘ that unde ertain conditior the Fe.W.C type 
thank ‘ aton rhe Ti. CoO comy ielded an- 
rm FeO ther member of U family. but the Ti,Co composi- 
i'l f the Ti phase The predominant st icture fo 
a \ f th iffractior the composition was found to agret with that re 
1 It ‘ therefore, that ported t Wallbaum and Witte’ for the alloy con 
t ter hich taining atomic pet Ti. The Ti,.Mn.O composition 
tan hy has a structure omorphous with Fe,W.C but the 
ql t ri Mn composition gave a pattern of { titanium only 
ie next At the time of writit further note by Ka on 
4 Ti.CuO eared which briefly lescribe of the 
‘ () M i Ti MnO vide terna phase ct nol ca pri t the 
t i tt rriete f ‘ k ret ted here. I eneral. the results presented 
ee close ilth hK n was apparently un- 
erned with the TiX 4 blen note tate 
that ri.V.O phases exist 
if i rit i it sit ‘ 
Table mparison of interplanar Spacings tor T, Fe O and Ti Fe vith Fe.W.C may be - ed as having the pro- 
eported Elsewhere 
sional composition Ti.X.O to Ti,X,O. The occur- 
ence depends on the metal X When X is Cu or N 
tite titeo be tructure occu with without oxvgen. Wher 
( Fe Mn, tt tructure occu with oxveer 
but not without. Apparentiy fron Karlsson s work 
na f{ YY othe “ k on the pure binary ysten 
t! t at t ‘ cme in te I ar cor d thor 
F. Laves and H | Naturwissenschafter 
139) 27. p. 674 
Duwe ind J. Taylor: Trans. 188 
] JouRNAL oF METALS September 1990 
ew N. Karlsson: Journal Inst. Metals (1951) 79, p. 391 
; ‘ R. J. Van Thyne, H. D Ke er ind M. Hanser 
\S.M. (To be published 
H.W. Worner: J Inst. Meta 1951) 79, p. 173 
ote M. Hansen, H. D. Kesslet nd D. J. McPherson 
\ Preprint No. 4 (1951 
Unpul hed work. Massachusetts Institut f Tech- 
H J. Wallbaum and H. Witte: Ztscl Metallkunde 
1939) 31. p.1 
; N Karlsson: Nature (Sept. 29, 1951), p. 55 
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\ 
HE formation of intermediate phase rm thi lid a 
of titamiun with cor yer- 
‘ 
maniun ind tin (of ibgroup mn the pe 
table) was the ibject of a recent paper Furthe % 
ence f anew compound on the titanlum-rict ie 
of tl phase diagram. Metallographic evidence in- 7 
it *> it new pl ine Wa tuated ve \ ‘ ‘ ‘ 4 | 
t net 7 Phe nresent work ned 2 2 
with the cr ta tructure tf the ntermediate phase 2 2 24 2 2 
2 254 
lodide- proce titanium metal. furnished bv the 134 2 
New Je ev Zit ( Wa ised in Ut nvestigat n y 20 2004 ‘ 
Charles Hardy In« New K: its purity was 99.50 22 $572 
pct. The titanium rod w machined into small cut 
em in diam and about 1.5 cm in height The tir 
pow de Vil compacted melted ind ther placed 
$2 
n the titanium cuj ind a ved by electric are 20 4 
melting in a helium atmosphere The alloy veigh 
! ipproximately 8 were ealed in ev iated 
juart tube nd novenized at 1040 C fo » ak 
thermal heat treatment was terminated by 4 “ 
24 
i i ‘ ‘ eaied eva la 1 
nd quenched from 1030°C into liquid “4 
4 1432 cm Debve Scherrer X-ray camera wa ‘ t ‘ k med = 
ised for the powde iiffraction study. The coppe 
idiation was filtered. X-ray diffraction data for the 3 
compound Ti,Sn are given in Table lL. The data were the unamt ious indexing 
ndexed on the bi fa hexagor lattice Good { mt —_ of ree pat 
agreement between observed and calculated value assigned indices (Table ] 
of the yuare f the reciprocal interplanar spacing i} ) reflection wher 
wa btained with the following expre or tune fends 404 
or one of it beroup 
(1/d) 003810 ¢F hi 004410 
proximatior i linear im : 
Unit cell parameters were calculated by the method titanium with the addit iF 
of le ‘ m the 03). (22.9) there are two stoichiomet 
init ce The density cal 
irements is 5.194 cm 
clear that Ti.Sn might be 
' The 6 Ti and 2 Sn atoms w 
ne positior of pace group D 6/mme 
2rxr%*4:r7r %: with z 5/6 
2S (c): 1/32 4: 2/3 1/3 
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P > the Ti-A ten rhe results are shown graphically in Fig. 1. It will 
f the " rete f the be seen that an unusual change f slope occu in 
t ' tho ‘ nh has a hexa the curve for the C parameter at high aluminun 
content such anomaious change in siope Nave beer 
war nd tiltered Cu > 
, K ecorded by Raynor for several magnesium-rich 
ert e paramete 1 solutior The effects were interpreted in terms 
ay ; f a special contribution to the lattice distortion due ' 
; te fact of electronic origin predicted by Jones 
Jone theory r ibstance, suggested that an un- 
la il the itt ct W ‘ 1 Det n 
hen the electron per atom concentration in the | 
; vas increased to a value at which an overlay 
ist began from one Brillouin zone to another. Con- 


the |1012} plan 


Fig 1—Eftect of aluminum on the lattice parameters of Ti Al alloys ‘ among ron ! he Debye 


Fig 2—Effect of aluminum 
on the imterplonar spacing 
of the (1012) planes 
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re formed by the (1012) and (1120) plane Phe 
i bed pnere of maximun touche the 
| 1012) face na « responds witl electrons per 
‘ aton Thu pure titanium exhibit i nounced 
ve nm the 1012) face The addition of trivalent 
aiuminun erve t educe the electron to aton 
itio. At the 1 nt ofd ippearance of this overlay 
| the interplanar pacing the 1012 plane ma 
expected to exhibit a discontinuous change in trend 
the Case f decreasing aluminum content (direc 
| tion of increasing overlap) the change should be in 7 
| the nature of a superimposed expansion i 
> Fig - show that the plot f calculated spacing = 
f (1012) planes as a function of aluminum content 
M } n qualitative agreement with expected behavior 
Certan discrepancie appeal however The di 
8 appearance of the overlap may be expected to occu : 
it 41 atomic pet Al, whereas the experimental data 
wea, ‘ ndicate a change in slope at about 35.8 atomic pet = 
\ Thi 1erive from the calculation that the over- 
ut orresponds t Y clect ns per atom, which in 
. turn is based on lattice constants for titanium which 4, 
ie have since been revised. Using Clark more accu i 
| ‘ rate data, howeve introduces changes only in the 
| fourth significant figure for the electronic concen- 
tratior It appea theretor« that an increase of 
} ibout 0.5 electrons per aton necessary to actually : 
- — force the overlap to occur. This is not unreasonable 
oom CENT nee the diffracted intensities from 
ersel a lattice contraction would occur if the elec Furthe the Fermi phere which make contact a 
tronic concentrati was decreased by alloying to a with the 1012) face has already overlapped the ve 
point ich that an existing overlap was caused to face of the inner zone and may therefore not be - 
ippear. The expansion or contraction would actu- phericall) mmetrical ar longe Such distortior oa 
be Imposed on tne pacing of the plane which ( 
jiemarcate the Brillouin zone in the direction of the 
é at T} effect would be reflected in the c and a 
slue t} t icture cell 
Examination of the lata herein presented indl- f 
ites that the titaniun ch a phase is an example I 
th phenomenor althougn a vet the evVi- 
lence exists which iwgests that electronic effect 
are of ignificance n the alloving behavio of tita- 
' in 
An analvsis of first and second Brillouin zones for 
hexa nal close-packed structure having the lattice 
r mete of titar im has been published by Berry 
Waldron, and Raynor.’ If titanium, from its chemical (1949) 2, p. 195 2 
beha mav be assumed to be tetravalent, the sec- H. T. Clark: Tray AIME (1949) 185, p. 588; Journar 7 
nd B ur one is of particular interest. Thi or MeTALS (September 1949 
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t et t t vhere a he er ilphicde irface, hydrogen react 
: th sulpt that ilve ns and electron 
‘ ed. which n ite at random until thev are 
! t t t tants from eact ptured by a nucleus of metallic silver. If such a 
‘ ‘ ‘ eu ‘ ri the irface and mate alts furnished 
f m the base the o nat nucieu pushed 
ted t} iit f the i Retr of uphur and formation of metallx 
f ind nd Bed er? al take place at different points wher 
‘ t that diff ilphide educed by copper. The reaction } 
im ties formulated a 
Ags 2Cu Cus 2A 
ete nea ex but the actual reaction products are Iver and a 
it n {the tw ilpl it Prin exact 
4 nd electror | Ived in silve ilphide are 
ee formed After a certain degree of supersaturation 
mo t yuid hu t been reached, nucle: of met c silver may forn 
: ‘ f ‘ hick If, } veve isilver fo in contact with the silver- 
t of t t ar nt of le phase, as is shown in Fig. 2 Iver ions and 
‘ ed elect vil ite te the Ag intertace 
na mi te ample with the comet } wr n Fi 
t \ ke S 2, made | pre lve ilphide tablets 0.6 
; to th Lg S-5 inte ‘ t n diam and 0.4 em high together with a coppe 
t { rice nd a silver foil in crucible f on, which 
loes not react appreciably with ilve ilphide at 
) \ 100 C. After heating f to 7 hr at 400°C, the 
pecimens were cut! mal to the phase boundart 
: It w found that the thickne of the silver foil had 
‘ \ ; nereased from 0.01 em as initial value to a max- 
i, ‘ ; mum value of 0.06 cm. In the interior of the silver 
fe tublet niv trace of metallic Iver were 
ed 
These heervat how clearly that ilver jons 
. nd electrons may n ite ove listances of several 
imilat 
; of the 
but in 
exce 
copper 
: M ily le powder ¢ ered by a cop- 
f f vas pressed u n crucible ind heated uy | 
, t mC f to 7 I The thickne of the coppe 
‘ P ed f rit Value f 0.005 em to a 
nae is £0029 In the interi f the 
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ther nucle: will appea mit pecial condition 
lead to a breakdown of the owth of the primary 
D ecarding the itt possibility and migra- 
tion of anor there jua teady state with the 
f ving consecutive reactior ] Phase-boundary 
eact I it the irface of the wide with the reducing 
izent which eithe erxee cation and electror 
ire f med catior CANCE and electron hole 
are filled up. 2-—Diffusior f cation ind electror 
toward the base of met c¢ nuclei in contact with 
oxide Phase-boundary reaction at the interface 
between oxide and metal, ie, transfer of cations and 
electrons into the metallic phase 

The overall reaction ate 1 determined by the 
irea of the initial surface of the ore, the local com- 
position of the gas phase, the ite constants of the 
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de phase 


metal 


ifficient 


Subsequently no 


cut phide pellet t 0 h) 
traces of met pper were found. These obs /| a9 
it mia } nterpreted in the ime manne a | 
n the e of the reduction of ‘ ilphide by ; 
coppe |Ag,S 
5 - 
ation of the re- 
action L 
Cus 2Cu.O 6Cu 
4,S 
1} terf hid nd 2 2 
e inte ce betweer ilf e and cut i 
xide. In th ise, the reaction would come prac- Ag 7 
ta t il t whl na ‘ it ity ! met Ag Ss 
migrate to } nt er te from the CuS-Cu_O inter- Cu 
ce F Coppe ns and electrons can also migrate by measuring the electrical conductivity. In contrast : 
cuprou but th Va ant le zine ON ie ind cadn in le contain exce met il 
e ates even in oxygen of atmospheric pressure, possibly in 
ess than those observed in cuj : phide the form of cations on interstitia tes and quasi- 
I confirm the cheme n Fis Cul free electron In these the ft t ture of a 
Vas pressed ind a copper ¢ nae Phe diamete reduction proce eads to an increase of the = _- ie 
f the copper « nder was 0.192 em, and that of the na electro: 
il j le et 062 en Tine comp. te After a ertain induction period the 
tem was put in a quartz tube and loosely surrounded — wil] become supersaturated with respect to Mill - 
by finely powdered cut ee Fig. 4. Since the reducing agent act nm the irface of the 
at sou the ¢ ite cy linde Was Mt than in the bulk of the onice ind accordingly pot- 
its axis. It was found that the diameter of the inn wise formation of metallic nude) wi = , 
copper cylinder had increased from 0.192 to 0.241 ponderately at the surface after a sUN super- - 
V.ULU ¢ Anu . 1 Of Copper as a amed in aturation has been reached. In the vicinity of metal- a 
Fix has been confirmed. In addition, some coppe lic nuclei ipersaturation will sharply decrease, and 
was found near the CuS-Cu.O interface. This ts not 1iffusion of cations and electrons towards ZZ! - = 
contradict oO te for ng consideration nee oxide interface will take place. Eventually, =: ; 
ng high supersaturation with respect to copper, can- face will be relatively small —_—_ su : 
nu ‘ 
6Cu*+6e" 
u 
oxida the meta it is alway 
less than the ide toichiometric ratio because = | ce Cu,S | cugo 7 
3) 
fa in ° 
en ratio take . 
lecreasing the 45 > 
| 
numbe itions in higher valence states. Accord- . 
ng Dunwald and Wagne and Ande on the e 
. 
change in the metal/oxygen ratio may be followed css ° : 
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Modern design of Stokes vacuum 


equipment develops from the continuing contact 


ot Stokes Engineers with processors in many fields. 


Stokes Microvac Pumps basic to vacuum processing 


—are designed for the broadest requirements of industry 


They have high volumetric and mechanical efficiency . 


capacities of 15 to 500 cfm. al 


solute pressures to 10 microns. Power 


consumption is low Compact design 


with top-mounted motor requires minimum floor Space 


There are but four moving parts includir gz the high speed, full-opening 


exhaust valve of corrosion-resistant Teflon. Lubrication is completels 


automatic, without packing, stuffing- boxes or grease fittings 


Wear is kept to a minimum, and long trouble-free service assured 


Parts are precision-finished, standard and interchangeabl 


Stokes 1s the only manutacturer of equipment tor complete ccuuUImM 


systems, including Microvac mechanical pumps, diffusior 


pumps, McLeod Gages and Vacuum Valves 


Consult with Stokes on the application of vacuum t ACUUIN SInterin 


heat 


melting. de-gassing 


treating, inert gas purg 


vacuum metallizing, 


ng. 


and to other applications 


which vacuum de- 


es exploration, 


TOKES 


J. STOKES MACHINE COMPANY, S996 TABOR PHILADELPH:4 20 Pa. 


-. 
pump capacity for any job... shows 
Centigrade to Fahrenheit conversion. 
> | STOKES MAKES 
- ; Plastics Moiding Presses, 
Serv 
Industrial Tabletting 
and Powder Metal Presses, ; 
Pharmaceutical Equipment, 
Vacuum Processing Equipment, 
Special Machinery 


PROGRESS REPORT 
NATIONAL CARBON 


TRADE-MARK 


BLAST FURNACE LININGS 
| 


BLAST FURNACES lined with 
“NATIONAL’ carbon have now pro- 
duced over | million tons. Of these, 
12 furnaces have produced more 
than 11/2 million tons and 4 have 


passed the 2 million ton mark. 


> NO MATTER WHAT 
/ DO 1 CANTMELT 
THIS STUFF! 


1S My FACE RED! ») These tonnages are for original 


linings. In every case, production has 


been characterized by remarkably 


| trouble-free operation. 


NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N.Y. 


oTHER NATIONAL CARBON prooucts 


BLAST FURNACE LININGS + BRICK + CINDER NOTCH LINERS - CINDER NOTCH PLUGS - SKIMMER 
BLOCKS + SPLASH PLATES + RUNOUT TROUGH LINERS + MOLD PLUGS + TANK HEATERS 


‘ 
/ 
7 
— in Carbon Limited, Montreal, Toromo, Winnipeg 
CARBON 


